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Preface 



The Office of Air and Radiation of the Environmental Pro- 
tection Agency and the Office on Smoking and Health of the 
Department of Health and Human Services asked the National 
Research Council to evaluate methods for assessing exposure to 
environmental tobacco smoke and to review the literature on the 
health consequences from such exposures. The National Research 
Council responded to this request by appointing 11 scientists to 
serve on the Conimittee on Passive Smoking, in tire Board on Envi- 
ronmental Studies and Toxicology, under the Commission on Life 
Sciences. The committee membership represented the disciplines 
of toxicology, biochemistry, atmospheric science, epidemiology, 
biostatistics, and pulmonary physiology. 

The committee*8 charge was to review the existing scientific 
literature and to identify the current state of knowledge with 
respect to known facts and areas of uncertainty. Many more 
of the latter were found than the former. To the extent that 
they could be justified scientifically, conclusions have been stated 
and recommendations proposed. Many of the recommendations 
are for future research, rather than for public policy. The latter 
were for the most part avoided on two grounds: the data were 
frequently not sufSciently secure and the charge to the committee 
was primarily for scientific review. 

The committee conducted a public hearing on scientific stud- 
ies relevant to its charge on January 29, 1986. Furthermore, it 
reviewed the published scientific literature and received testimony 
from professional societies; medical, industry, consumer, and pub- 
lic interest groups; academic scientists; and others involved in the 
generation and interpretation of scientific evidv^nce on the health 



consequences of exposure to cigarette smoking. Pursuance of these 
activities was followed by the preparation of individual chapters by 
committee members and consultants. Thereafter^ chapters were 
discussed) revised ^ and integrated with each other for the full 
report. 

In producing this report^ the committee confronted a complex 
charge under severe time constraints. That it completed its task 
well and on time is a credit both to its members and the scientific 
staff of the National Research Council. I would like to express my 
personal appreciation to every one of the committee members^ all 
of whom donated their time^ intellect^ and knowledge to the sub- 
stance of this report. Dr. Diane Wagener of the National Research 
Council assumed the difficult task of coordinating, translating, 
and negotiating ideas and insights among committee members, 
consultants, and reviewers. Drs. Devra Davis and Marvin Schnei- 
derman worked with Dr. Wagener in ensuring the thoughtful and 
timely completion of this report. 

While the committee restricted itself to analysis of the sci- 
entific data, it was not unmindful of the fact of modern life that 
smokers and nonsmokers have taken strong positions regarding the 
right to smoke on the one hand and a rejection of being exposed 
to other people's smoke on the other. Persons on each side of 
the issue may wish to infer information from this report that the 
committee did not intend. Our strategy has been to synthesize in- 
formation, present judgments and conclusions wherever possible, 
and to recognize inadequacies in existing data in order to provide 
a focus for future research. We have not taken the stance of a 
public policy board that necessarily has to make decisions on less- 
than-adequate information. Rather, we have chosen to prepare 
a scientifically responsible report that will be intelligible to a lay 
audience and useful to a scientific one. 

BARBARA S. HULKA, Chairman 
Committee on Passive Smoking 
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Executive Summary 



INTRODUCTION 



A Committee of the National Research CounciPs (NEC's) 
Board on Environmental Studies and Toxicology prepared this re- 
port in response to requests from two federal government agencies ^ 
the Office of Air and Radiation of the Environmental Protection 
Agency (EPA) and the Office of Smoking and Health of the De- 
partment of Health and Human Services. The report evaluates 
methodologies in epidemiologic and related studies for obtaining 
measurements of exposure to environmental tobacco smoke (ETS) 
by nonsmokers and also outlines the possible health effects of such 
exposures as reported in the published literature. This committee 
was asked to review original research data and identify research 
needs but was not charged 'vith preparing policy statements or rec- 
ommendations fc. public health actions. In particular, the NRC 
was asked to: 

• review the chemical and physical characterizations of the 
constituents of ETS; 

• include a toxicological profile of sidestream and environ- 
mental tobacco smoke; 

• review the epidemiologic and related literature on the 
health effects of exposure to ETS; and 

• recommend future exposure monitoring, modeling, and 
epidemiologic research. 

To address these and related issues, the NRC formed the 
Committee on Passive Smoking in the Board on Environmental 
Studies and Toxicology of the Commission on Life Sciences. The 
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committee consists of professionals in a variety of fields^ includ- 
ing epidemiology, toxicology, biochemistry, atmospheric science, 
biostatistics, and pulmonary physiology. 

The subject of the committee^s report is the use of epidemiol- 
ogy and related disciplines for the study of possible health effects 
of exposure to ETS by nonsmokers. Smokers are also exposed to 
ETS, but the health effects of this exposure, which are likely to be 
less intense than those of active smoking, are not the subject of 
this report. The primary goal of the studies reviewed in this report 
is to determine whether there is a relationship between health out- 
comes in human populations and ETS-exposure of nonsmokers. It 
is a formidable task to assess exposure to the complex mixture 
of ETS with enough precision to permit use in analytic studies, 
including quantitative risk estimation. For some health outcomes 
the relevant duration of exposure may be minutes, for others it 
may be decades. Numerous factors, in addition to exposure to 
smoke, can influence the risk of illne?2. These other factors must 
be taken into account if the magnitude of the effects of exposure 
to ETS is to be evaluated. 



ENVIRONMENTAL TOBACCO SMOKE 

More than 3,800 compounds have been identified in cigaret'ce 
smoke. The major source, by far, for ETS is sidestream smoke 
(SS) which is emitted from the burning end of a cigarette in be- 
tween puffs. The remjunder of ETS consists of exhaled mainstream 
smoke (MS), smoke which escapes from the burning end during 
puff-drawing, and gases which diffuse during smoking through the 
cigarette paper. Each of the mixtures, MS, SS, and ETS, is an 
aerosol consisting of a particulate phase and a vapor phase. How- 
ever, the smokes of MS, SS, and ETS differ, as the result of changes 
in the concentrations of individual coiif iituents, the phase (partic- 
ulate or vapor) in which the constituents are present, and various 
secondary re2u:tions that chemically and physically alter ("age") 
the composition of the smoke. Undiluted SS contains higher con- 
centrations of some toxic compounds than undiluted MS, including 
ammonia, volatile amines, volatile nitrosamines, nicotine decom- 
position products, and aromatic amines. However, concentrations 
of these SS emissions are considerably diluted in the indoor space 
where ETS exposures take place. The hydrophobic vapor phase 
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constituents of ETS are likely to enter the lung of the exposed indi- 
vidual, while the hydrophilic vapor phase constituents are likely to 
be absorbed in the upper respiratory tract. Particles <2.5 ^^m (in 
this report referred to as respirable suspended particulates [RSP]) 
dominate the particulate phase of ETS and can be inhaled deeply 
into the lung. 

Standard laboratory procedures have been established to as- 
sess the physicochemical properties of SS and MS. Research is 
needed to standardize both the collection and evaluation of ETS so 
that the effects of ETS can be studied in laboratories and in human 
populations. 

The changes in distribution of particular constituents of ETS 
as the smoke ages in the indoor environment are largely unknown. 
For example, it is known that almost all of the nicotine shifts 
from the particulate phase in MS and fresh SS to the vapor phase 
in ETS. Consequently, indoor air-cleaning systems designed to 
remove particles will not greatly alter the nicotine exposure, but 
may alter the concentrations of other noxious or toxic components. 
Research is needed to determine the distribution of constituents in 
the particulate and vapor phases of aged ETS. Also, the efficiency 
of air-cleaning systems in removing the constituents needs to be 
studied. 

Indoor radon comes from sources in the environment and 
decays to short-lived radon daughters, which may become bound 
to the RSP in ETS. However, some long-lived radon daughters 
come from tobacco itself. Research should be conducted on possible 
interactions between ETS and radon daughters, especially as radon 
daughters can adhere to RSP and increase the potential hazard of 
ETS. 



MEASURES OF EXPOSURE 

There are currently no direct measures of the dose absorbed of 
ETS in a population under study. Exposures to ETS, however, can 
be assessed by questionnaires, air monitoring, modeling of concen- 
trations, or biological markers. Future epidemiologic studies should 
incorporate into their design several of these exposure assessment 
methods in order to assess exposures to ETS more accurately and 
to estimate dose. 
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Questionnaires 

The simplest measure of ETS exposure is contained in the 
reply to the questions: "Are you a cigarette smoker?" and "If 
you are a nonsmoker, do you live with, or work with, or have 
regular contact With persons who are smokers?" There are great 
difficulties in developing uniform questions that elicit unambigu- 
ous replies and, more particularly, in using these replies to make 
firm quantitative estimates of exposure. They can be used, how- 
ever, as a basis for classifying individuals into broad categories of 
exposure, recognizing the problems such as incorrectly estimating 
exposure through errors in reporting of current smoking habits, 
neglecting exposure to ETS in other environments like workplaces 
or public places, and reporting an exsmoker as a nonsmoker. Re- 
ports of whether or not the subject has smoked can be obtained 
with reasonable reliability from surrogate respondents. However, 
quantification of integrated exposure over many years is not likely 
to be fully reliable or precise. At best, such quantification pro- 
vides an approximation of exposure, whether the information is 
obtained from the individual himself or from a surrogate. To esti- 
mate integrated exposure to ETS, future studies need to estimate a 
long-term ETS exposure history, including what fraction of the day 
is spent in the presence of ETS and at what ages these exposures 
occurred. The data from such a his- ry should be entered into a 
specific time-place model, from whicn cumulative exposure can be 
estimated. 



Monitoring 

The use of air monitoring (personal or indoor space) is hand- 
icapped by the lack of a clear definition of the physicochemical 
nature of ETS and the identification of the individual, or target, 
constituents of ETS associated with the health or comfort effects 
under study. Proxy, or surrogate, constituents have been mea- 
sured in a number of studies as indicators of ETS exposure in 
both personal and indoor space monitoring. RSP, carbon monox- 
ide, nicotine, nitrogen oxides, acrolein, nitroso-compounds, and 
benzo[a]pyrene are some of the compounds or classes of air con- 
taminants that have been measured under field conditions as in- 
dicators of ETS exposure. While some of the ETS constituents, 
particularly nicotine and RSP, have proved to be useful surrogates 
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for ETS, no single measure has completely met all the criteria for 
an ideal ETS surrogate. To facilitate the study of the health effects 
of ETS exposure, an ideal marker or tracer of exposure to ETS 
should be unique (or nearly unique) to tobacco smoke, should be a 
constituent of tobacco smoke that is present in sufficient quantity 
so it can be measured even at low ETS levels, and should stand in 
a fairly constatnt ratio across brands of cigarettes to other tobacco 
smoke constituents (or contaminants) of interest. Reliable infor^ 
mation needs to be obtained on the quantity, transport, and fate of 
such chemicals in ordinary indoor environments, 

A majority of field studies have used RSP as an indicator 
of exposure to ETS because of the substantial emission of RSP in 
indoor spaces from tobacco combustion. ETS is the dominant con- 
tributor to the indoor levels of RSP. The total RSP, as measured by 
personal monitors, has been found to be substantially elevated for 
individuals who reported being exposed to ETS as compared with 
those who reported no such exposure. Both air monitoring and 
modeling clearly indicate that RSP concentrations will be elevated 
over bswrkground levels in indoor spaces when even low smok'^ig 
rates occur. The importance of variation in the input parameters- 
such as room size, temperature, humidity, air exchange rate, and 
numbers of cigarettes smoked — should be noted when interpreting 
the data on the constituents of ETS obtained from personal mont- 
tors and indoor space monitors. 

Biological Markers 

In theory, dose of ETS to the tissues or organs could be mea- 
sured directly through the use of biological markers that accurately 
indicate uptake m the tissues or organs. Optimal assessment of ex- 
posure to ETS should derive from measures made on physiological 
fluids of exposed persons. Several chemicals found in such fluids 
may be able to serve as biological markers of recent exposures. 
The criteria for acceptable biological markers are similar to those 
for measuring ETS in the external environment. 

The biological markers that have been most useful for as- 
sessing recent exposures to ETS are nicotine and its metabolite, 
cotinine. Nicotine and cotinine derive virtually exclusively from 
tobacco products, of which tobacco smoke is the most important 
direct source. They can be identified and quantified in saliva, 
blood, or urine. Generally, the mean concentrations of nicotine 



ERLC 



6 



and cotinine in the plasma or urine of nonsmokers exposed to ETS 
are about 1 percent of the mean values observed in active smokers. 
Several studies have indicated that urinary cotinine concentrations 
in infants and children increase as the numbers of reported smok- 
ers increase in the home. At present, there may be difficulty in 
interpreting the relative cotinine levels in nonsmokers compared 
with smokers because of the reported slower clearance of cotinine 
in nonsmokers. Absorption, metabolism, and excretion of ETS 
constituents, including nicotine, need to be carefully studied in or* 
der to evaluate whether there are differences between smokers and 
nonsmokers in these factors. Further epidemiologic studies using 
biological markers are needed to quantify exposure-dose relation* 
ships in nonsmokers. 

Thiocyanate, as measured in saliva, serum, or urine, does not 
appear to be sufficiently sensitive as an indicator of ETS exposure. 
Similarly, exhaled carbon monoxide and carboxyhemoglobin are 
not sufficiently sensitive to moderate or low levels of ETS exposure 
and thus are not particularly useful biological markers for expo- 
sure to ETS, except in experimental, acute exposure situations. 
There are several other sources of carbon monoxide in the environ- 
ment that equal or exceed the concentrations of carbon monoxide 
attributable to ETS. 

Other suggested biological markers of exposure are iV-nitroso- 
proline, nitrosothiopioline, and some of the aromatic amines that 
are present in high concentrations in SS. However, data on sensi- 
tivity and reliability of laboratory procedures for these markers are 
not sufficient to recommend their use at this time in epidemiologic 
studies of ETS. 

Laboratory assays have shown mutagenic activity in the urine 
of smokers and ETS-exposed nonsmokers. The mutagenicity of 
urine is a function of many factors — such as dietary constituents, 
occupational exposures, and other environmental factors — which 
lender any findings of mutagenicity nonspecific. Research is needed 
to clarify the appropriate methods for estimating mutagenicity and 
to isolate and identify the active agents in body fluids of ETS* 
exposed nonsmokers. 

DNA adducts derived from tobacco-related chemicals can 
be measured in the blood. However, these chemicals, such as 
benzo[a]pyrene| are not unique to ETS. Studies are needed that 
can measure add'icts of tobacco*specific chemicals. 
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IN VIVO AND IN VITRO STUDIES 

Laboratory studies can contribute to a better understanding 
of the factors and mechanisms involved in the induction of disease 
by environmental agents. There have been numerous bioassays 
conducted on MS. In examining the effects of MS, many research 
workers have used condensates of the smoke painted on the shaved 
skin of mice. This contrasts with the human exposure that is 
mainly in the respiratory tract. Nonetheless, these skin-painting 
studies have been useful in examining the carcinogenicity of dif- 
ferent tobacco constituents and thus advancing knowledge of the 
actions of MS on a gross exposure level. Similar work with skin 
painting has not been done with ETS and would be of value for 
assessing the differential toxicity of ETS and MS. 

In constrast to MS exposure, ETS exposure involves propor- 
tionately more exposure to gas phase than to particulate phase 
constituents. There have not, however, been studies of the effects 
of exposure to aged ETS. The relative in vivo toxicity of MS, SS, 
and ETS needs to be assessed. 

Some studies have attempted to evaluate the gas phase of MS, 
SS, and ETS in short-term, in vitro assays. A solution of the gas 
phase of MS has been shown to induce dose-dependent increases 
in sister-chromatid exchanges in cultured human lymphocytes. 
Mutagenic activity has been found in the particulate matter of SS 
and in condensates of ETS. However, the work done to date is too 
sparse to permit any estimates of the mutagenicity of ETS per se, 
even though most of ETS consists of SS. Further in vitro assays of 
ETS are needed. 



HEALTH EFFECTS 

This report reviews both chronic and acute health effects as- 
sociated with ETS exposure in nonsmokers. Most epidemiologic 
studies of chronic health effects have been conducted on persons 
who have had long-term exposures to ETS from household mem- 
bers. The studies do not directly address chronic health effects in 
individuals who are exposed at work or have occasional exposures 
in the home or elsewhere. 

Because the physicochemical nature of ETS, MS, and SS dif- 
fer, the extrapolation of health effects from studies of MS or of 
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active smokers to nonsmokera exposed to ETS may not be appro- 
priate. However, chemicals known to be toxic and carcinogenic 
in MS are hho present in £TS. Laboratory studies in conjunction 
with epidemiologic investigations art needed to help clarify possible 
health effects of exposure to ETS in nonsmokera. 

Acute, Noxious Effects 

The most common acute effects associated with exposure to 
ETS are eye, nose, and throat irritation, and objectionable smell 
of tobacco smoke. Tobacco smoke has a distinct and persistent 
odor, making control through ventilation particularly difficult. 
In closed rooms where smoking is allowed, a ventilatiun rate of 
greater than 50 cubic feet per miuute per occupant is necessary to 
achieve air quality that is acceptable to more than 80% of adults 
entering the room as contrasted with rates of less than 10 cubic 
feet per minute per occupant when there is no smoking or other 
pollution. Annoyance with noxious tobacco odor largely governs 
the reactions of visitors, while occupants of smoky rooms are more 
likely to complain about irritating effects to the eye, nose, or 
throat. Particle filtration appears to lead to little or no decline 
in odor and irritation, suggesting that the effects are produced by 
gas-phase constituents. During exposure to ETS, eye blink rate is 
correlated with sensory irritation, such as burning eyes and nasal 
irritation. For some persons, eye tearing can be so intense as to 
be incapacitating. There is some evidence that nonsmokers are 
more sensitive to the noxious qualities cf cigarette smoke than are 
smokers. Objective physiological or biochemical indices should be 
sought to validate reports of noxious reactions and chronic irritation 
associated with BTS. 

Smoke contsdns immunogens, that is, substances that can ac- 
tivate the immune system. Approximately half of atopic (allergy 
prone) individuals react to various extracts of tobacco leaf or 
smoke presented in skin tests. However, the components of the 
extract that are responsible for this reaction have not been iso- 
lated. There is little correlation between positive reactions to skin 
tests and self-reported complaints of tobacco smoke sensitivity. 
Research is needed to evaluate the medical importance in atopic 
persons of these positive reactions to skin tests using ETS extracts 
and to relate immune response on skin tests to subjective complaints 
about the noxious, irritating properties of* }bacco smoke. 
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Respiratory Symptoms 
and Lung Function 

Respiratory symptoms, such as wheezing, coughing, and spu- 
tum production, are increased in children of smoking parents. 
These symptoms are more common in children of smokers than 
children of nonsmokers. The largest studies place the increased 
risk of 20 to 80%, depending on the symptom being assessed and 
number of smokers in the household. Also, respiratory infections 
manifested as pneumonia and bronchitis are significantly increased 
in infants of smoking parents. Some r!;udies have reported that in- 
fants of smoking parents are hospitalized for respiratory infections 
more frequently than children of nonsmokers. Among children 
aged under 1 year, studies are remarkably consistent in showing 
an increased risk of respiratory infections among children living in 
homes where parents smoke. There is a dose-response relationship 
that relates more to maternal smoking than paternal smoking. The 
association persists after allowing for possible confounding factors 
such as occupational data, respiratory illness in the parents, and 
birthweight. The mechanisms of the increased risk may either be 
a direct effect of ETS or due to a higher risk of cross-infection in 
such homes. Regardless of the mechanism, the exposure of small 
children to smoking in the home appears to put them at risk of 
respiratory illness. 

Since children ejrposed to ETS from parental smoking have 
an increased frequency of pulmonary symptoms and respiratory 
infections, it is prudent to eliminate ETS exposure from the envi- 
ronments of small children. 

There is some evidence that parental smoking may affect the 
rate of lung growth in children. In children with one or more par- 
ents who smoke, lung function increase, which is a normal growth 
phenomenon, shows a small decrease in the rate of growth. An 
important issue currently unresolved is whether a child >vho is 
affected by exposure to ETS from parental smoking may be at an 
increased risk for the development of chronic airflow obstruction 
in adult life. In all studies of children, it is difficult to distin- 
guish between the role of ETS exposure in utero and postnatally. 
B^esearch is needed to address the issues of ETS exposure during 
childhood and fetal life and its possible relationship with airway 
hyperresponsiveness and pulmonary diseases in adult life. 
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Three studies have shown a small reduction irx pulmonary 
function in normal adults exposed to ETS. Interpretation of these 
findings is difficult because pulmonary effects in normal adults are 
likely to reflect the cumulative burden of many environmental and 
occupational exposures and other insults to the lung. Thus^ the 
effects of ETS on the lungs of adults arc likely to be confounded 
by many other factors^ making it difficult to attribute any portion 
of the effect solely to ETS. 

In some studies of asthmatics, in whom pulmonary reactions to 
ETS should be more readily produced ^ no effects on lung function 
were reported. In other studies^ asthmatics reported complaints 
upon exposure to ETS and showed significant pulmonary func* 
tion changes after experimental smoke exposure. Future studies 
of asthmatics exposed to ETS should be designed so as to limit 
the distortion produced by heterogeneous patient groups, varying 
medication schedules, and psychogenic effects of ETS. 

Lung Cancer 

Considering the evidence as a whole^ exposure to ETS in- 
creases the incidence of lung cancer in nonsmokers. Estimates of 
the magnitude of the increased risk vary. Among studies of var- 
ious populations in Europe^ Asia^ and North America, the risk 
of lung cancer is roughly 30% higher for nonsmoking spouses of 
smokers than it is for nonsmoking spouses of nonsmokers. There 
is consistency among the studies in that all of the studies indi- 
vidually include the 30% increased risk within the %% confidence 
intervals. Patterns and extent of exposure may vary in different 
communities and countries. Based on presently available epidemi- 
ologic data, the estimate of the increased risk from the American 
studies is lower than the average for all the studies, though not sig- 
nificantly so. These estimates are almost exclusively derived from 
the comparison of persons identified as exposed, or unexposed, on 
the basis of their spouseli smoking habits. 

Certain errors in the reporting of smoking habits have proba- 
bly contributed to the risks observed in the epidemiologic studies. 
Misclassification of current or exsmokers as nonsmokers would 
tend to produce an observed relative risk that is larger than the 
true risk. This effect was studied in detail using estimates of the ex- 
tent of the errors involved and judged to contribute only a portion 
of the excess risk. Underestimation of the increased risk might also 
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be introduced because the supposedly unexposed population had 
some exposure to ETS, although they were classified as unexposed 
in the studies. TVtking both types of errors into account produces 
an estimate of the excess lung cancer risk for nonsmokers married 
to smokers comps^red with completely unexposed individuals that 
is similar to the relative risk observed m the epidemiologic studies 
considered. 

Since carcinogenic agents contained in ETS are inhaled by 
nonsmokers, in the absence of a threshold for '':ar;cinogenic effects, 
an increased risk of lung cancer due to ETS exposure is biologi- 
cally plausible. Laboratory iiudies would be important in determin- 
ing the coneentraticns of eareinogenie constituents of ETS present 
in typical daily environments, fhe use of biological markers in 
epidemiologic studies is recommended to ^ore precisely quantify 
dose-response relationships between ETS c josure and lung cancer 
occurrence. 

Other Cancers 

There have been few studies of risk for cancers other than Iimg 
in nonsmokers exposed to ETS. Some of the sites considered have 
been brain, hematopoetic, and all sites combined. The results of 
these studies have been inconsistent. Whether or not there is an 
association between ETS exposure and cancers of any site other 
than Itng is an important topic for future epidemiologic inquiries. 

Cardiovascular Disease 

Since active smoking has an adverse effect on cardiovascular 
disease morbidity and mortality, ETS exposure has also become 
suspect. Reports have noted an excess risk of cardiovascular dis- 
ease m ETS-exposed nonsmokers; however, methodologic prob- 
lems m the designs and analyses of the^^iJ studies preclude any firm 
conclusions about th*5 results. Studies reporting that ETS can 
precipitate the onset of angina pectoris among people who already 
have this condition are subject to the same precautionary note. 
Exposure to ETS produced no statistically significant effects on 
heart rate or blood pressure in school-aged children or healthy 
t^' lt subjects, either during exercise or at rest. Data are not 
available as to possible adverse cardiovascular effects in suscepti- 
ble populations, such as infants, elderly, or diseased individuals. 
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Further experimental and obsertational studtes shoxtid be conducted 
to assess the effect of long-term and acute BTS exposure on cardiac 
function, blood pressure, and angina in nonsmokers. 

Other Health Considerations in Cbildrea 

Several other health outcomes have been stUv i that relate to 
the growth and health of children. For all postna(.aI outcomes^ it 
is often not possible to differentiate the effect of in utero exposure 
to BTS from subsequent childhood exposures to ETS. 

Nonsmoking pregnant women exposed to smoking spouses 
have been reported to produce babies of lower birthweight than 
nonsmoking women with nonsmoking spouses. Some studies have 
noted a dose-rcsponse relationship between the number of ciga- 
rettes smoked by fathers and birthweight of the offspring. Ad- 
ditional studies of intrauterine fetal growth retardation associated 
mth ETS ezposurt of nonsmoking mothers need to be conducted 
with better assessments of the magnitude of ETS exposure. 

Several studies have examined possible relationships between 
chronic exposure to ETS by children and parameters of growth 
and development. Growth is an especially difficult phenomenon 
to study since many fsurtors — such as genetics, nutrition, social 
class, and ethnicity — play important roles. It is difficult to assign 
proportional causzdity to each factor* Moreover, height and weight 
ratios and other growth measures are not reliably obtained in 
standard pediatric surveys. A few studies have shown that children 
of smokers have reduced growth and development, and one study 
reported a dose-response relationship between reduced height and 
increasing numbers of cigarettes smoked in the home by either 
the mother or the father. Further work is needed to determine the 
nature of this association. 

Otitis media is a common occurrence in young children. In 
several studies, peurental smoking, along with several other risk 
factors, has been linked to increased risk of chronic ear infections 
in children. Further work is needed to determine whether the asso- 
ciation is causal. 
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Introduction 



Environmental tobacco smoke (ETS) occurs in homes, at 
workplaces, and in public places. The acute irritating and nox- 
ious effects of involuntary exposure to ETS, or **passive smoking," 
are well established. Based in part on these irritating proper- 
ties of ETS, a recent report of the NRC recommended a ban on 
smoking in the small enclosed spaces of airliner cabins (National 
Research Council, 1986). More than 20 states and numerous lo- 
cal governments have enacted legislation and policies restricting 
smoking (1985 information obtained from the Office on Smoking 
and Health, personal communications). Such public information 
campaigns and other actions have convinced a large portion of the 
population that active cigarette smoking is dangerous to health. 
To many, this also implies that exposure to ETS can affect health. 
This report, in part, evaluates whether the latter beliefs are war- 
ranted. It also makes recommendations fo? future exposure moni- 
toring and epidemiologic research. 

The issues are complex. In some cases the conclusions are 
uncertain, because much of the scientific data necessary to shed 
light on these concerns does not exist. This report addresses the 
following major issues pertaining to ETS: 

• The nature of the smoke. What constitutes ETS? What 
are the chemicals in ETS and what are the dilutions therein? 
There are two physical phases of smoke: particulate phase and 
vapor phase. What chemicals are in each phase? Are any of these 
chemicals carcinogenic or toxic, as determined in bioassays? 
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• Factors affecting exposure and the assessment of exposure. 
To what extent is the nonsmoker exposed to harmful chemicals 
that can be measured in ETS? How can we measure exposure to 
ETS? Can ambient monitoring be used in epidemiological studies? 
How reliable is questionnaire information? What constitutes the 
dose a person may receive? Are there objective measures of dose 
received^ such as tobacco-smoke- specific biological markers? What 
choices and reasons for choice are there among the markers? 

• Effects of exposure. What are the health effects, if any, 
consequent to exposure to ETS? Are these health effects related 
to discomfort or irritant effects only, or more serious disease? 
Are the potential health effects reversible when exposure ceases? 
What are the data from human studies? Do interactions with 
other environmental agents at workplaces or in homes need to be 
considered? Are there biologically plausible explanations for the 
various effects ascribed to ETS exposure? 

The report considers sensitive populations such as children, 
pregnant women, older persons, and those with persisting respira- 
tory illnesses* It does not consider the established effects on the 
fetus carried by a pregnant, smoking woman because this is not 
an instance in which a nonsmoking individual breathes ETS gen- 
erated by other people* However, a pregnant, nonsmoking woman 
might be affected by exposure to ETS, as may her fetus. 

The health effects considered include respiratory symptoms 
and lung function, and other respiratory ailments (especially in 
children), such as asthma and allergic responses, cancer at various 
sites, and cardiovascular disease, among others. Some attention is 
paid to irritation, annoyance, and associated responses. 

DEFINITIONS 

Environmental tobacco smoke (ETS) originates from the smol- 
dering end of the tobacco product in between puffs, known as 
sidestream smoke (SS), and from the smoker^s exhaled smoke* 
[The smoke that the smoker inhales is known as mainstream smoke 
(MS).] Other contributors to ETS include minor amounts of smoke 
that escape during the puff-drawing from the burning cone and 
some vapor-phase components that diffuse through the cigarette 
paper into the environment. These various components are re- 
leased into the environment and are diluted by ambient air* They 
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may also aggregate with pollutants already in the environment and 
thereby change character. The composition cf this complex mix- 
ture, known as ETS, has different physicochemical characteristics 
than the MS. 

There are various terms m the literature that refer to the 
inhalation of ETS by nonsmokers, e.g., "passive smoking," "in- 
voluntary smokin^ and "breathing other people's smoke." We 
will refer to the inhalation of ETS by using the terms "passive 
smoking" and "exposure to ETS by nonsmokers" interchangeably. 

TRENDS m CIGARETTE USAGE 

Exposure of nonsmokers to ETS is a function of several vari- 
ables, one of which is the number of active smokers with whom the 
nonsmoker comes into contact throughout some period of time. 
The percent of the population who smoke steadily increased over 
the first two-thirds of this century but has declined more recently. 
In 1980, 32% of the adult population considered themselves to be 
cigarette smokers (U.S. Department of Commerce, 1984). This 
percentage, now roughly equal for men and for women, reflects 
a reduction of almost one- third in men since the publication of 
the first Surgeon GtntraVa Report on Smoking and Health in 1964 
(U.S. Public Health Service, 1964). Figure 1-1 shows the trends 
in cigarette usage between 1955 and 1985 for males and females. 
Table 1-1 gives cigarette consumption since 1900. Tdhle 1-2 il- 
lustrates an overall increase in cigar and pipe smoking, followed 
by a decline during the past decade. The actual probability of 
exposure to ETS is complex, affected by ventilation rates, size of 
houses, restrictions on where tobacco products may be smoked, 
and changes in the cigarette itself. The consequence of Figure 1-1 
is that the general probability of being exposed to some ETS for 
the nonsmoker has increased until quite recently. 

The magnitude of exposure to ETS will depend upon the 
number of cigarettes and/or cigars and pipes smoked in a given 
environment, as well as other factors such as ventilation. Light 
smokers are more likely to stop smoking than heavy smokers, 
which might explain why over the past 30 years the number of 
cigarettes per smoker and the total consumption (Figure 1-2) have 
not declined as rapidly as the percentage of people who smoke (see 
also cigar and loose tobacco consumption in Table 1-2). From a 
peak consumption in the early 1960s, there has been a decline of 
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FIGURE 1-1 Percentage of current smokers in the United States. Adult 
population, by sex, 1955-1983. From Shopland and Brown (1985). 



20% in the per capita (U.S.) consumption of cigarettes (Shopland 
and Brown> 1985). These data, however, are averaged over the 
total U.S. population, including smokers and nonsmokers. Among 
persons who consider themselves smokers, the cigarette consump- 
tion per adult smoker actually has increased from 27.3 to 30.0 
cigarettes per day. Table 1-3 demonstrates that, for both sexes, 
the percent of smokers who are heavy smokers has steadily in- 
creased over the past 30 years. Therefore, the consumption per 
active smoker indicates that the nonsmoker who has close contact 
with a smoker may be exposed to greater amounts of smoke in 1985 
than in 1955, although the total number of hours a nonsmoker is 
exposed to ETS would have declined. 

Counteracting this trend of increased exposure has boen the 
trend of reduction in amount of tobacco used to fill each cigaratte. 
Physical dianges of the leaf due to modern methods of processing, 
the use of filter tips (United States, >90% of all cigarettes since 
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TABLE 1-1 U.S. Cigarette Consumption, 1900 to 1985" 
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18 Years 


Year 
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Year 


Billions 


and Older 


Year 


Billions 


and Older 


IVUU 


1 c 
Z.o 




1930 


1 19.3 


1,485 


1960 


484.4 


4,171 


IVUI 


1 c 
Z.o 




1931 


1 14.0 


1,399 


1961 


502.5 


4.266 


1902 


2.8 


60 


1932 


102.8 


1,245 


1962 


508.4 


4,265 


1903 


3.1 


64 


1933 


111.6 


1.334 


1963 


523.9 


4,345 


1904 


3.3 


66 


1934 


125.7 


1,483 


1964 


511.3 


4.195 


IVUO 


J.o 


/U 


1935 


134.4 


1.564 


1965 


528.8 


4,259 


Iwo 


4.5 


86 


1936 


152.7 


1,754 


1966 


541.3 


4,287 


190/ 


O.J 


99 


1937 


162.8 


1,847 


1967 


549.3 


4,280 


IVUo 


0.7 


105 


1938 


163.4 


1,830 


1968 


545.6 


4,186 


IVUV 


7.0 




1939 


172.1 


1,900 


*969 


528.9 


3,993 


IVlO 


8.6 


151 


1940 


181.9 


1,976 


1970 


.536.5 


3.985 


IVl 1 


1 A 1 
lU.l 


173 


1941 


208.9 


2.236 


1971 


555.1 


4,037 




1 J.2 


22 J 


1942 


245.0 


2,585 


1972 


566.8 


4,043 


1913 


15,8 


260 


1943 


284.3 


2.956 


1973 


589.7 


4,148 


1914 


16.5 


267 


1944 


296.3 


3,039 


1974 


599.0 


4.141 


1 m c 
lvl5 


17.9 


285 


1945 


340.6 


3,449 


1975 


607.2 


4,123 


IVlo 


25.2 


395 


1946 


344.3 


3.446 


1976 


613.5 


4,092 


ISM / 


35.7 


551 


1947 


345.4 


3,416 


1977 


617.0 


4,051 


1918 


45.6 


697 


1948 


358.9 


3,505 


1978 


616.0 


3,967 




48.0 


727 


1949 


360.9 


3,480 


1979 


621.5 


3,861 


1920 


44.6 


665 


1950 


369.8 


3,522 


1980 


631.5 


3,851 


1921 


50.7 


742 


1951 


i97. 1 


3,744 


1981 


640.0 


3.840 


1922 


53.4 


770 


1952 


416.0 


3,886 


1982 


634.0 


3.753 


1923 


64.4 


911 


1953 


408.2 


3,778 


1983 


600.0 


3,502 


1924 


71.0 


982 


1954 


387.0 


3.546 


1984 


600.4* 


3,461* 


1925 


79.8 


1.085 


1955 


396.4 


3.597 


1985 


.«>5.0*' 


3,384*" 


1926 


89.1 


M91 


1956 


406.5 


3.650 








1927 


97.5 


1,279 


1957 


422.5 


3,755 








1928 


106.0 


1.366 


1958 


448.9 


3,953 








1929 


118.6 


1,504 


1959 


467.5 


4,073 









"Includes overseas forces. 1917-1919 and 1940 to date. Commodity Economics Division, 
Economic Research Scnicc. USD A. 
^Subject to revision. 
'Estimated. 



SOURCE: U.S. Department of Agriculture, 1985. 
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FIGURE 1-2 Total cigarette consumption (domestic sales), 1955- 1985. 

1978; Griese, 1984), and variations in the composition of tobacco 
blends for cigarettes (Norman, 1982) have made this reduction 
possible. 

In 1956, the U.S. average tar and nicotine yields were 38.4 
mg and 2.69 mg, respectively. Since then, tar and nicotine yields 
have steadily decreased to 13.2 mg tar and 0.95 m^ nicotine in 
1980 (The Tobacco Institute, 1981). However, tar and nicotine 
yields in the SS of cigarettes have not significantly changed except 
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TABLE 1-2 U.S. Consumption of Cigars and Tobacco for Pipes and 
Hand-rolled Cigarettes 





Cigars, 


Tobaccc 




Cigars, 


Tobacco, 




Cigars, 


Year 


millions 


Mn. Ib« 


Year 


millions 


Mn. Ib^ 


Year 


millions 




0,01/7 




1950 


5,o0o 


104.3 


1980 


5.386 


IQ'J 1 
174 1 






1951 


5,778 


97.4 


1981 


5,231 




7 <i'>7 




IVd2 


A ATT 


92.9 


1982 


4,901 


1923 


7,505 





1953 


6,107 


84.3 


1983 


4,884 


1924 


7,189 


— 


1954 


6,024 


81.2 








0,7H7 






o,U/o 


77.0 






ItZO 


7 nfift 

/ ,vrUO 






A ATA 


70.0 








7 nfift 
/,uuo 






6,194 


68.9 








6.874 





1958 


6,586 


74.4 






I92V 


6.972 


— 


1959 


7,377 


71.9 








A '>T> 




IVoU 


/,4J4 


72.2 






1 7«7 1 


J.o 




IVol 


1 AQT 


72.7 












1962 


7,103 


69.8 






1933 


4.553 





1963 


7,434 


69.7 






1934 


4.818 




1964 


9,899 


81.7 








A QA1 




1 OAC 

IVOD 


8,949 


69.8 






1936 






IVoo 


Q A 1 A 
O,0lU 


AO A 
60.6 












1 OA "7 

IVo/ 


o,4UJ 


66.4 






1938 


5.294 





1968 


8.331 


69.6 






1939 


5.469 


— 


1969 


8,579 


68.3 








J.**7l 




IV/O 


8.881 


74.0 






1941 


J.7OJ 




IQ7I 
IV/I 


8,830 


69.5 












1972 


1 1.125 


66.8 






1943 


5.350 


— 


1973 


11.126 


59.5 






1944 


4.878 




1974 


9.339 








1945 


5.027 




1975 


8.663 








1946 


5.929 




1976 


7.492 








1947 


5.706 




1977 


6.792 








1948 


5,860 




1978 


6.231 








1949 


5.625 




1979 


5.706 









"Tobacco for pipes and hand-rolled cigarettes, not available prior to 1950. 



SOURCES: Lee. 1975: Tobacco Reporter, 1984. 
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TABLE 1-3 Number of Cigarettes Smoked per Day, as a 
Percentage of Current Smokers, by Sex 



Less 
Than 15 



15-24 



25 or 
More 



Males 
1965 
1976 
1980 
1983 



30.1 
24.9 
24.2 
23.5 



45.7 
44.4 
41.7 
42.9 



24.1 
30.7 
34.2 
33.6 



Females 



1965 
1976 
1980 
1983 



46.2 
37.6 
34.7 
33.8 



40.8 
43.4 
42.0 
45.0 



13.0 
19.0 
23.0 

20.6 



SOURCE: Shopland and Brown. 1985. 



in the case of cigarettes designed for ultralow yields of tar and 
nicotine. Certain other components^ in particular volatile^ toxic 
components^ are released into SS in significantly greater amounts 
than into MS. Furthermore, ETS contains significantly smaller 
particles than MS» and nicotine, and perhaps other smoke con- 
stituents, is volatilized to a greater extent in SS than in MS. This 
means that the gas*phase composition of SS differs substantially 
iiom that of MS. 

The health implications to nonsmokers of exposure to ETS 
may not be a simple extrapolation from the studies of active 
smokers. The complexities of such extrapolations will be discussed. 

Children represent a large population of nonsmokers who may 
be exposed to environmental smoke. Several cohort studies of chil- 
dren are reviewed in Chapter 11. Although there is some variation 
among these studies, they indicate, mainly through questionnaires, 
that between 50 and 65 percent of the children have been exposed 
to tobacco smoke in the home during the past 20 years. Health 
implications of this exposure for the developing child will be dis- 
cussed. 



This report begins with a discussion of the components of ETS 
(Chapter 2) and what in vivo and in vitro 3tudies have determined 
about ETS (Chapter 3). Various methods of exposure assessment 
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are considered in Chapters 4 through 8, including physical effects, 
questionnaires, and biological mai3<ers. Chapters 9 through 15 
review epideniiologic studies of possi;Me health effects of these ex- 
posures. The health consequences examined range from irritation 
and allergic reactions to cancer and cardiovascular disease. Only 
studies that assess exposures under experimental conditions or in 
the home are included. ETS potentially interacts with constituents 
of the ambient air. This makes the evaluation of possible health 
effects due to workplace -?rposure complex and speci^c to each 
situation because of the varying nature of contaminants. Each 
chapter concludes with a summary of what is currently known, 
the strength of that knowledge, and what additional information 
would further clarify the relationship of ETS and possible health 
effects. Some recommendations for additional research are also 
given. 
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I 

PHYSICOCHEMICAL AND 
TOXICOLOGICAL STUDIES OF 
ENVIRONMENTAL TOBACCO 
SMOKE 



2 

The Physicochemical Nature of 

Sidestream Smoke and 
Environmental Tobacco Smoke 



INTRODUCTION 

Mainstream smoke (MS) is the aerosol drawn into the mouth 
of a smoker from a cigarette, cigar, or pipe. Sidestream smoke (SS) 
is the aerosol emitted in the surrounding air from a smoldering 
tobacco product between puff-drawing. SS is a major source of 
environmental tobacco smoke (ETS), i.e., air pollution caused 
by the burning of tobacco products. Other contributors to ETS 
are the exhaled portion of MS and the smoke that escapes from 
the burning part of a tobacco product during pufF-drawing. In 
addition, some volatile components (e.g., carbon monoxide) diffuse 
through cigarette paper and contribute to ETS. 

Tobacco smoke aerosols are diluted with air by the time they 
are inhaled as ETS air pollutants. Furthermore, the physical char- 
acteristics and chemical composition of ETS change as the pollu- 
tants "age": nicotine is volatilized; particle sizes decrease; nitrogen 
oxide gradually oxidizes to nitrogen dioxide; various components 
of the ambient air (e.g., radon daughters) can be adsorbed on the 
particles; and other physicochemical changes can occur. 

In the scientific literature, the terms "passive smoke," "passive 
smoking," and "involuntary smoking" are used often. These terms 
do not adequately describe ETS and its inhalation, but they are 
used interchangeably with "ETS" in this report. 

Most of the reported data on MS, SS, and ETS pertain to 
cigarette smoking. Few comparative data on smoke pollutants 
from other tobacco products are available. 
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In the laboratory, cigarettes, cigars, and pi? '>s are smoked by 
machines under standardized conditions (Wynder and Hoffmann, 
1967) to obtain reproducible data for the determination of various 
individual constituents of undiluted MS and SS. Such data pro- 
vide a scientific basis for comparing tobacco products and brands. 
The standardized machine-smoking conditions were developed 3 
decades ago to simulate human smoking behavior (Wartman et 
al., 1959)* However, these can differ substantially from those of 
today's cigarette smokers, especially in the case of filter-tipped 
products that are designed to deliver low yields of tar and nicotine 
(Heming et al., 1981). 

For cigarettes and cigarette- like cigars weighing up to 1.5 
the most widely used machine-smoking conditions in the test 
laboratory are as follows: one 35-mI puff lasting 2 seconds taken 
once a minute. The butt length for nonfilter cigarettes is 23 mm. 
For filter-tipped cigarettes, the total length is increased 3 mm for 
filter tip plus overwrap (Pillsbury et al., 1969; Brunnemann et al., 
1976)* For cigars, the conditions are as follows: a 30-ml puff taken 
once every 40 seconds and a butt length of 33 xmn (International 
Committee for Cigar Smoke Study, 1974). For pipe smoking the 
test calls for a bowl filled with 1 g of tobacco and for a 50-ml puff 
lasting 2 seconds to be taken every 12 seconds (Miller, 1964). 

Several devices have been used for generating SS from ciga- 
rettes and cigars (Dube and Greene, 1982)* Among them, the 
Neurath and Ehmke chamber or modification thereof have been 
used for chemical analytic work on SS (Neurath and Ehmke, 1964; 
Brunnemann and Hoffmann, 1974). When SS is generated, a 
stream of air is sent through a chamber at 25 ml/second. At this 
rate, the tar and nicotine yields in the MS of cigarettes and cigars 
smoked in the chamber are similar to those obtained by smoking 
cigarettes or cigars in the open air. However, the velocity of the 
airstream through the chamber has considerable influence on the 
yields of individual compounds in SS (Riihl et al., 1980; Klus and 
Kuhn, 1982). In order to collect the particulate matter of MS and 
SS, the aerosols are directed through a glass-fiber filter that traps 
more than 99% of all the particles with diameters of 0.1 pm or 
more (Wartman et al., 1959). The portion of the smoke that passes 
through the filter is designated as the vapor phase. This arbitrary 
separation into particulate phase and vapor phase does not neces- 
sarily reflect the physicochemical conditions prevailing in MS and 
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SS. However^ it does reflect specific trapping systems and analytic 
methods that have been developed for the standardized determi- 
nation of individual components or groups of components in MS 
or SS (Bruunemann and Hoffmann^ 1982; Dube and Greene^ 1982). 

Standardized machine-smoking conditions do not exactly du- 
plicate the smokirg p items of an individual, which depend on 
many factors. For example, low nicotine delivery in cigarette 
smoke generally induces a smoker to puff more frequently (up to 
5 puflFs/. ^linute), to draw larger volumes (up to 55 ml/puff), and to 
inhale more deeply. Puffing more frequently increases the amount 
of tobacco consumed during generation of MS and tnus diminishes 
the amount of tobacco burned between puffs* This, in turn, af- 
fects the release of combustion products in SS, so ^n increase in 
puff frequency diminishes the production of SS and ETS, Also, 
smoking behavior appears to depend strongly on the blood con- 
centration of nicotine that the smoker desires to reach (Krasnegor, 
1979; Grabowski and Bell, 1983). 

The smoker, because of proximity to the source, usually in- 
hales more of the SS and ETS originating from the burning of the 
tobacco product than a nonsmoker; however, we do not know the 
exact amount and we do not know the degree to which inhaled SS 
and ETS aerosols are retained in the smoker's respiratory tract. 
Model studies with MS have shown that more than 90% of some 
hydrophilic volatile components (e,g,, acetaldehyde) is retained 
after inhalation by the smoker (Dalham et al., 1968a). There- 
fore, one may assume that a large proportion of the hydrophilic 
agents in the vapor nhase of SS and ETS is also retained when 
smoke-poiiuted ambient air is inhaled. In the case of hydrophobic 
components of the vapor phase of MS (e,g,, carbon monoxide), the 
retained fraction depends on the depth of inhalation, but it hardly 
ever exceeds 50% (Dalham et aL, 1968b)* An active smoker gen- 
erally retains 90% or more of MS particles (Dalham et al*, 1968b; 
Hiller, 1984), whereas a nonsmoker exposed to ETS appears to 
retain a smaller percentage of ETS particles. It has been calcu- 
lated that, depending on the degree of SS pollution, a nonsmoker 
exposed to ETS can retain 0*014 to L6 mg of particles per day 
from ETS (Hiller, 1984), 
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SIDESTREAM SMOKE 



The SS generated between puffs originates from a strongly re- 
ducing atmosphere. Therefore^ undiluted SS contains more com- 
bustion products that result from oxygen deficiency and thermal 
cracking of molecules than does MS. In addition^ SS formation 
involves generation of higher amounts of compounds from nitrosa- 
tion reactions. Consequently^ SS differs substantially from MS. 

Table 2-1 compares MS and SS frorn nonfilter cigarettes. Dur- 
ing the consumption of one whole cigarette under standard smok- 
ing conditions^ the formation of cigarette MS generated during 10 
P'jffs (each 2 seconds) of a blended nonfiilter cigarette requires 20 
s and consumes 347 mg of tobacco. The formation of SS from the 
same cigarette smoldering requires 550 seconds and consumes 411 
mg of tobacco. However^ as shown with experimental cigarettes^ 
the amounts of tobacco consumed during and between puffs de- 
pend greatly on the type of tobacco (Johnson et al, 1973a). In 
addition^ MS and SS are generated at different temperatures. For 
example^ under laminar atmospheric conditions^ the SS of a smol- 
dering cigarette enters the surrounding atmosphere about 3 mnrA 
in front of the paper burn liue^ at about 350^C (Baker, 1984). 

The pH of the MS of a blended American cigarette ranges from 
6.0 to 6.5> whereas thv. pH of SS is 6.7 to 7.5. Above a pH of 6.0, the 
proportion of unprotonated nicotine in undiluted smoke increases; 
therefore, SS contains more free nicotine in the gas phase than MS. 
The pH of SS of cigars is 7.5 to 8.7; pH values for pipe smoke have 
not been reported (Brunnemann and Hoffmann, 1974). Undrr 
conditions prevailing in MS, SS, and ETS, unprotonated nicotine 
is primarily present in the vapor phase; its absorption through 
the mucous membranes is faster; thus, its phaxi.iacologic effect 
is different from that of unprotonated nicotine in the particulate 
matter (Armitage and Turner, 1970). 

About 300-400 of the more than 3,800 compounds identified 
in tobacco smoke have been measured in MS and SS. Table 2-2 
lists the amounts of selected substances reported to occur in the 
MS and in SS from the burning of a whole nonfilter cigarette and 
the range of the ratio of their amounts in SS/MS. A ratio greater 
than unity meani^ that more of a substance is released in SS than 
in MS. The separation of the compounds in Table 2-2 into vapor 
phase and particulate phase constituents reflects the conditions 
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TABLE 2-1 Some Physiocochemical Characteristics of Fresh, Undiluted 
Mainstream and Sidestream Smoke from a Nonfilter Cigarette" 



• • 

CnQroctcristics 


Mo 


cc 
oo 


Reference 


Duration of smoke 






Npiirith infl 


production, s 


20 


550 


Horstmann, 1973 


Tobacco burned, mg 


347 


411 


Npiimth inH 








Horstmann* 1973 


Peak temperature during 






Wynder and 


formation, °C 


900 


600 


Hoffmann, 1967 


pH 


6.0-6.2 


6.4-6.6 


Rriinnomann 3nd 

WIUIIIIwlllOIIII MIIU 








Hoffmann, 1974 


Number of particles 


10 5 X lO'^ 


3.5 X lO'^ 


Spiccptlittia VlnrTnli no 
OLmooCIImIII OlUr /UIHK. 


per cigarette 


inH ^ivino 1 QAfi 


Particle size, /xm 


0.1-1.0 


0.01-0.8 










1975' Hillor ot al. 








1982 


Particle mean dinmetert /xm 


0.4 


0.32 










1975* Hillor et al 








1982 


Gas concentration* vol.% 








Carbon monoxide 


3-5 


2-3 


Keith and Derrick, 








1960 


Carbon dioxide 


8<11 


4-6 


Wynder and 








Hoffmann, 1967 


Oxygen 


12-16 


1.5-2 


Baker, 1984 


Hydrogen 


3-15 


0.8-1.0 


Hoffmann et al., 1984a,b 



"Data were obtained under standard laboratory smoking conditions of one puff per min- 
ute, lasting 2 s, and having volume of 35 ml. Mainstream smoke collected directly from end of 
cigarette. Sidestream smoke was measured 4 mm from burning cone (gas temperature, 
350^0. 



prevailing in MS and does not apply to the distribution of 
these compounds in the vapor phase and particulate phase of SS. 

The ratio of the amount of tobacco burned during SS genera- 
tion to that burned during MS generation is 1.2:1 to 1.5:1 (see Ta- 
ble 2-1 for data on nonfilter cigarettes). Therefore, if one assumed 
that the combuction process is the same during the generation of 
the two kinds of smoke, the ratios of their various constituents 
would also be between 1.2:1 and 1.5:1. That is not the case, as 
indicated by the higher SS/MS values in Table 2-2. For instance, 
in the first part of T^ble 2-2, v/hich lists volatile compounds, the 
ratios for carbon monoxide range from 2.5 to 4.7, for carbon diox- 
ide from 8 to 11, for acrolein from 8 to 15, and for benzene about 
10. 
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TABLE 2*2 Distribution of Constituents in Fresh, Undiluted Mainstream 




Smoke and Diluted Sidestream Smoke from Nonfilter Cigarettes;" 




Constituent 


Amount in MS 


Range in SS/MS 




Vdpor pnasc 








Carbon monoxide 


10-23 mg 


2.5-4.7 




Carbon dioxide 


20-40 mg 


8-11 




Carbonyl sulfide 


18-42 ^g 


0.03-0.13 




Benzene^ 


12-48 ng 


5-10 




Toluene 


100-200 


5.6-8.3 




Formaldehyde 


70-100 fig 


0.1- = 50 




Acrolein 


oU-100 ng 


8-15 




Acetone 


luu-zou ng 


2-5 




Pyridine 


io-hu ng 


6.5-20 




3-Methylpyndine 


12-36 ng 


3-13 




3"Vinylpyridine 


11-30 ng 


20-40 




Hydrogen cyanide 


400-500 ng 


0.1-0.25 




Hydrazine'' 


32 ng 


3 




Ammonia 


50-130 ng 


40-170 




Methylamine 


1 1.5-28.7 ng 


4.2-6.4 




Dimethylamine 


7.8-10 /ig 


3.7-5.1 




Nitrogen oxides 


100-600 n% 


4-10 




A^-Nitrosodimethylamine^ 


10-40 ng 


20-100 




A^-Nitrosodiethylamine' 


ND-25 ng 


<40 




N-Nitrosopyrrolidine** 


6-30 ng 


6-30 




Formic acii'. 


210-490 /ig 


1.4-1.6 




Acetic acid 


330-810 ;ig 


1.9-3.6 




Methyl chloride 


150-600 ng 


1.7-3.3 




Particulate phase 








Particulate mattet^* 


1 5-40 mg 


1.3-1.9 




Nicotine 


1-2.5 mg 


2.6-3.3 




Anatabine 


2-20 n% 


<0.1-0.5 




Phenol 


60-140 ng 


1.6-3.0 




Catechol 


100-360 n% 


0.6-0.9 




Hydroquinone 


1 10-300 n% 


0.7-0.9 




Aniline 


360 ng 


30 




2'Toluidine 


160 ng 


19 




z-Napntnylaminc 


1.7 ng 


30 




4*AminobiphcnyF 


4.6 ng 


31 




Bcnz[cf lanthraccnc*" 


20-70 ng 


2-4 




Bcn/o[«|pyrcne*' 


20-40 ng 


2.5-3.5 




Cholesterol 


22 Mg 


. 0.9 




7-Butyrolactonc*' 


10-22 ng 


3.6-5.0 




Quinoline 


0.5-2 ng 


8-11 




Harman^ 


XJ'ZAng 


0.7-1.7 




A^'-N it roson or nicotine*' 


200-3.000 ng 


0.5-3 




NNK* 


100-1.000 ng 


1-4 




yv-Nitrosod!cthanoIaminc* 


20-70 ng 


1.2 




42 






ERLC 
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TABLE 2-2 Continued 



Constituent 


Amount in MS 


Range of SS/MS 


Oddniiuni 


100 ng 


7.2 


Nicker' 


20-80 ng 


13-30 


Zinc 


60 ng 


6.7 


Polonium-21(y 


0.04-0.1 pCi 


1.0-4.0 


Benzoic acid 


14-28 /xg 


0.67-0.95 


Lactic acid 


63-174 /xg 


0.5-0.7 


Glycoltc acid 


37-126 /xg 


0.6-0.95 


Succinic acid 


110-140 /xg 


0.43-0.62 



"Data from Elliot and Rowe (1975); Schmeltz et al. (1979); Hoffmann et al. (1983); Klus 
and Kuhn (1982); Sakunia et al. (1983, 1984a,b); Hiller et al. (1982). Diluted SS is collected 



with airflow of 25 ml/s, which is passed over the burning cone. 

''Separation into vapor and particulate phases reflects conditions prevailing in MS and 
docs not necessarily imply same separation in SS. 

' Human carcinogen (U.S. Department of Health and Human Services* 1983). 

''Suspected human carcinogen (U.S. Denartment of Health and Human Services. 1983). 

''Animal carcinogen (Vainio et al., 1985). 

■^l-methyl-9f/-pyrido[3.4-51-indole. 

*NNK = 4-(^*methyl-^-nitrosamino)-l-(3-pyridyl)-l-butanone. 



The high SS/MS values of caxbon monoxide and carbon diox- 
ide show that more of each of these constituents is generated 
ia the oxygen-deficient cone during smoldering than during puff- 
drawmg. After passmg briefly through the hot cone^ most of the 
carbon monoxide is oxidized to carbon dioxide^ probably because 
of the high temperature gradient and sudden exposure to air. 

The high SS/MS values of volatile pyridines are thought to 
be due to the fact that these compounds are formed from the 
alkaloids during smoldermg (Schmeltz et al.^ 1979). Hydrogen 
cyanide is formed primarily from protein at temperatures above 
700°C (Johnson and Karg^ 1971). Thus^ smoldering of tobacco at 
600° C does not favor the pyrosynthesis of hydrogen cyanic^**, to the 
extent that it occurs during MS generation. 

With regard to the carcinogenic potential of SS^ it is impor- 
tant to consider the SS/MS ratio of NO^, — ^ to 10. More than 
95% of the NOx inhaled by the smoker is in the form of nitric 
oxide^ and only a small portion is oxidized to the powerful ni- 
trosatiug r -^ent^ nitrogen dioxide. Only a small fraction of nitric 
oxide is expected to be retained in the respiratory system by being 
bound to hemoglobin. NO^ released into the environment in SS 
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is partially oxidized to nitrogen dioxide (Vilicint and Lephardt, 
1975). Thus, environments polluted with SS are expected to con- 
tain increased concentrations of the hydrophilic nitrosating agent, 
nitrogen dioxide. 

Perhaps the most remarkable data in this portion of Table 2-2 
are the very high SS/MS values of ammonia, nitrogen oxide, and 
the volatile iV-nittosamines. Studies with [^^iVjnitrate have shown 
that, during burning of tobacco, nitrate is reduced to ammonia, 
which is released to a greater extent in SS than in MS during puff- 
drawing (Just et al., 1972), An extreme example is the case of a 
cigarette made exclusively from burley tobacco, a v^tiety generally 
rich in nitrate (2.0-5,0% in U.S. survey); ammonia is released in 
SS at 8,500 Aig/cigarette (SS/MS 170, accordmg to Johnson et al., 
1973b). (In the case of a blended cigarette, the greater generation 
of ammonia m SS causes an increased pH, which can be above 7, 
whereas the pH of MS is about 6.) 

The ranges of high SS/MS ratios of the highly carcinogenic 
volatile iV-nitroeamines (such as iV-nitrosodimethylamine — 20 to 
100) have been well established (Brunnemann et al., 1977, 1980: 
Riihl et al., 1980). 

The second part of Table 2-2 lists some constituents of par- 
ticulate matter, theij' amounts reported to occur in MS during 
the buTiing of cne cigarette, and ranges of the relative amounts 
in SS/MS. The increases in SS of tobacco-specific iV-nitrosamines, 
such as 4-(iV-methyl-iV-nitrosamino)-l-(3-pyridyl)-l-butanone 
(NNK), iV-nitrosodiethanolamine, and iV-nitrosonor nicotine, are 
up to fourfold. Presently we do not knew whethsr the tobacco- 
specific i^^nitrosamines are present in the particulate phase or in 
the vapor phase of ETS (Hoffmann and Hecht, 1985). 

Constituents of the vapor phase would be less likely to settle 
with the smoke particles, but would remain in the ambient air 
for longer spans of time. Research is needed to evaluate this 
distribution, which is important with respect to the carcinogenic 
potential of SS. The meaning of the abundant release of amines 
in SS (SS/MS, to 30-fold)— as indicated by the data in aniline, 
2-toluidine, and the alkaloids — should also b^ examined. Some 
amines are readily nitrosated to iV-nitrosamines, but analytic data 
on secondary reactions of amines in polluted environments are 
lacking. 
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TABLE 2-3 Relative Concentrations (SS/MS) of Selected Components in 
Fresh, Undiluted Smoke of Four 85-mm Commercial American 
Cigarettes'' 

Constituent ConcentratiDns in Smoke* 

Cigarette A, Cigarette B, Cigarette C, Cigarette D» 





NF 




F 




F 




PF 




Constituent'* 


SS 


SS/MS 


SS 


SS/MS 


SS 


SS/MS 


SS 


SS/MS 


Tar, mg/g 


22.6 


1.1 


24.4 


1.6 


20.0 


2.9 


14.1 


15.6 


Nicotine, nig/g 


4.6 


2.2 


4.0 


2.7 


3.4 


4.2 


3.0 


20.0 


CO, mg/g 


28.3 


2.1 


36.6 


2.7 


33.2 


3.5 


26.8 


14.9 


NHi, mg/g 


524 


7.0 


893 


46 


213.1 


6J 


236 


5.8 


Catechol, /^g/g 


58.2 


1.4 


89.8 


1.7 


69,5 


2.6 


117 


12.9 


BaP. ng/g 


67 


2.6 


45.7 


2.6 


51.7 


4.2 


448 


20.4 


NDMA, ng/g 


735 


23.6 


597 


139 


611 


50.4 


685 


167 


NPYR, ng/g 


177 


2.7 


139 


13.6 


233 


7,1 


234 


17.7 


NNN, ng/g 


857 


0.85 


307 


0.63 


185 


0.68 


338 


5.1 



''Data from Adams et al. (1985). Tar values for MS: cigarette A. 20.1 mg; cigarette B, 15,6 
mg; cigarette C, 6.8 mg; cigarette D, 0.9 mg. 

*NF = nonfilter cigarette; F = filter cigarette; PF == cigarette with perforated filter tip; 
BtfP = benzo|(r|pyrene. 

*NDMA = ^-nitrosodimethylamine; NPYR == ^/-nitrosopyrrolidine; NNN = ^'-nitro- 
sonornicotine. 

To comprehend the data in Table 2-2 fully, some aspects 
should be emphasized. First, the data are based on analyses 
of nonfilter cigarettes that were smoked under standard labora- 
tory conditions. Second, those conditions, established according 
to smoking patterns observed 3 decades ago, have been shown not 
to reflect today's smoking behavior. The difference is especially 
evident in the case of filter cigarettes designed for low smoke yields. 
Most consumers inhale the smoke of such cigarettes more intensely 
than the smoke of nonfilter cigarettes (Hill and Marquardt, 1980; 
Herning et al., 1981). This difference ajBTects the yield of SS. Con- 
ventional cigarette filter tips primarily influence the yield of MS, 
but have little impact on SS yield. However, highly active filter 
tips, especially those with perforations, also affect the yield of 
SS (Adams et al., 1985). It is apparent in Table 2-3 that for all 
cigarettes studied the SS/MS values are greater than 1 for many 
toxic and carcinog^mic constituents. 



TABLE 2-4 Measured Concentrations of Carbon Monoxide in ETS" 



Carbon Monoxide Concentrations, ppm 



Nonsmoke Controls 



Location 



Tobacco Burned 



Ventilation 



Mean 



Range 



Mean 



Range 



References 



Rooms 
Train 

Submarines 

(66 m^) 
18 military 

aircraft 

8 commercial 
aircraft 

Rooms 

14 public places 
Ferryboat 
Theater foyer 
Intercity bus 

2 conference rooms 
Office 

Automobile 

9 night clubs 
14 restaurants 
45 restaurants 



1-18 smokers 



23 cigarettes 
3 ciganittes 



2 smokers 
(4 cigarettes) 



Natural 



157 cigarettes/day Yes 

94-103 cigarettes/day Yes 

— Yes 

— Yes 



<40 
<40 

<2-5 

<2 



— <10 

— 18.4 ± 8.7 

— 3.4 ± 0.8 
15 changes/h 32 

15 changes/h 18 

8 changes/h — 

236 mVh — 

Natural — 

Natural — 

Mechanical -* 

Varied 13.4 

— 9.9 ± 5.5 
. ; ^72 ± 2.2 



4.3-9 
0-40 



5-25 



8 (peak) 

< 2^-4.6 

< 2.9-9.0 
42 (peak) 
32 (peak) 
6.5-41.9 



2.2 ±0.98 0.4-4.5 



3.0 ± 2.4 
1.4 ±0.8 



1-2 



13.5 (peak) 
15.0 (peak) 



7.1 ± 1.7 — 



9.2 (outdoor) 3.0-35 



Cobum et al.. 1965 
Harmsen and 

Effenberger. 1957 
Canoetal.. 1970 

U.S. Department of 
Transportation, 1971 

U.S. Department of 
Transportation, 1971 

Porthein, 1971 

Perry, 1973 

Godinetal., 1972 

Godinetal., 1972 

Seiff, 1973 

Slavin and Hertz. 1975 
Karke, 1974 

Harkeand Peters, 1974 

Sebbenetal., 1977 
Sebbenet al., 1977 
Scbbenet a!., 1977 



CO 



33 stores 

3 hospital lobbies 

6 coffee houses 

Room 

Hospital lobby 
2 trim 

compartments 
Automobile 

10 offices 

IS restaurants 

14 night clubs 
and taverns 
Tavern 



Office 

Restaurant 
Restaurant 
Bar 

Cafeteria 
44 offices 
25 offices 
Tavern 
Tavern 



Varied 
18 smokers 
12-30 smokers 

2-3 smokers 
3 smokers 
2 smokers 



10.0 ±4.2 U.5±6.5 11.5 ±6.5 - 

- 4.8 - - 

2-23 - - - 

50 - - - 



- - 4-5 
Natural, open 14 — 
Natural, closed 20 — 

- 2.5 ± 10 1.5-1.0 

- 4.0 ±2.5 1.0-9.5 



Artificial 



13.0 ± 7.0 3.0-29.0 
8.5 - 



None — 

Natural, open 1.0 

Mechanical 5.1 

Natural 2.6 

Natural, open 4.8 

11 changes/h 1.2 



35 (peak) 
10.0 (peak) 

2.1-9.9 
1.4-3.4 
2.4-9.6 
0.7-1.7 
6.5 (max) 



6 changes/h 



I. 1 

2.78 ±1.42 - 

II. 5 10-12 



2.5 ± 1.0 
2.5 ± 1.5 

3.0 ± 2.0 



1.5 ± 4.5 
1.0-5.0 

1.0-5.0 



4.8 (outdoors) — 

1.5 (outdoors) — 

1.7 (outdoors) — 

0.4 (outdoors) — 

2.59 ± 2.33 — 

2 (outdoors) — 



1-2 changes/h 12.0 



3-22 



Sebbcn ct al., 1977 
Sebbcn et al., 1977 
Badrect al., 1978 
Badreet al., 1978 
Badreet al., 1978 

Badreet al., 1978 
Badreet al., 197G 

Chappell and Parker, 
1977 

Chappell and Parker, 
1977 

Chappell and Parker, 
1977 

Chappell and Parker, 
1977 

Chappell and Parker* 
1977 

Fischer et al., 1978 
Fischer el al., 1978 
Weber et al., 1976 
Weber et al., 1976 
Weber, 1984 
Szadkowskiet al., 1976 
Cuddeback et al., 1976 
Cuddeback et al., 1976 



"Time-weighted average (TWA) of carbon monoxide, 50 ppm (55 mg/m''). TWA = average concentration to which worker may be exposed continu- 
'sly fo- 8 h without damage to health (National Institute for Occupational Safety and Health, 1971). 
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PRINCIPAL CHEMICAL CONSTITUENTS OP 
ENVIRONMENTAL TOBACCO SMOKE 

Air dilution physicochemically changes SS and other contrib- 
utors to ETS. Depending on the degree of air dilution of SS, the 
concentration of particles in ETS can range from a few micrograms 
to 300-500 mg/m^. A high degree of air dilution can reduce this 
yield to a few micrograms per cubic meter. At the same time, 
the median diameter of the particles will decrease from 0.32 pm to 
0.14 or 0.098 fxm (Keith and Derrick, 1960; Wynder and Hofimann, 
1967; Ingebrethsen and Sears, 1985). Another change caused by 
air dilution of SS is the volatilization of nicotine. In ETS, nico- 
tine is present almost exclusively in the vapor phase (Eudy et al., 
1985). In addition, redistributions of other constituents in SS due 
to air dilution might account for the presence of other semivolatile 
chemicals in the vapor phase of ETS, but we lack data on such 
effects. 

The Lcientific literature contains an abundance of data on 
indoor air pollution by ETS (U.S. Public Health Service, 1979; 
National Research Council, 1981). We limit our review here to 
measurements made under field conditions and have excluded data 
from experimental studies. Most of the published data, summa- 
rized in Tables 2-4 through 2-9, do not exclude the possibility that, 
even though the respiratory environments analyzed were polluted 
largely by ETS, some other sources of pollution contributed to the 
reported concentrations of individual agents. (Many studies have 
dealt with the measurement of particulate matter in environments 
polluted by tobacco smoke. Chapter 5 discusses the measurement 
of particulate matter, and the results of the studies are summa- 
rized in Table 5-1.) 

Table 2-4 shows concentrations of carbon monoxide measured 
in a variety of indoor spaces with ana without occupancy by 
smokers. Carbon monoxide concentrations were generally higher 
in spaces where smoke was present. They were highly variable, 
however, and collected data on each space were insufficient (e.g., 
number of cigarettes smoked and volume of space) to show a 
consistent relationship. 

Tobacco is the only known source of nicotine, so the Nico- 
tiana alkaloid is a specific indicator for tobacco smoke pollution. 
Nicotine concentrations in smoke-polluted rooms were generally 
found to be 5-50 /xg/m^ and much higher (up to 500 /xg/m^) in 
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heavily polluted environments (Table 2-5). In small interior com- 
partmentS) such as automobiles, occupants who smoke tobacco 
have generated nicotine concentrations of 1,010 /xg/m^ (Badre et 
al., 1978). 

PVeshly gerierated tobacco smoke contains nitric oxide, but not 
nitrogen dioxide. On release into the environment, nitric oxide is 
gradually oxidized to nitrogen dioxide. The estimated half-life 
of nitric oxide is 10-20 minutes, depending on the degree of air 
dilution. Table 2-6 shows concentrations of nitric oxide and nitro- 
gen dioxide in smoke-polluted environments and indicates means 
ranging fro;n 9 to 195 ppb for nitric oxide and 21 to 76 ppb for 
nitrogen dioxide. Generally, the nitrogen oxide values reported 
in Table 2-6 are significantly in excess of those observed for out- 
door atmospheres. However, some severe air pollution episodes in 
industrial areas have reportedly caused levels of 100 ppb, which 
persisted over several hours or even for several days (Goldsmith 
and BViberg, 1977). As a constituent of the respiratory envi- 
ronment, nitrogen dioxide conceivably contributes to endogenous 
nitrosation, which leads to the presence of nitrosamines in ex- 
posed subjects. Whereas it has been clearly demonstrated that 
inhaled cigarette smoke increases the endogenous formation of 
nitrosamines (Hoffmann and Brunnemann, 1983; Ladd et al., 1984; 
Lu et al., 1986; Tsuda et al., 1986), the endogenous formation of 
j^T-nitrosainines in nonsmokers exposed to ETS has so far not been 
demonstrated (Brunnemann et al., 1984). 

Tables 2-7 and 2-8 show concentrations of acrolein and acetone 
in ETS. These volatile carbonyl compounds are known to affect 
mucociliary function and thus inhibit the clearance of smoke par- 
ticles from the lung (Wynder and Hoffmann, 1967). 

Table 2-9 shosva concentrations of some additional toxic agents 
in ETS. Benzene, JV-nitrosodimethylamine, JV-nitrosodiethyl- 
amine, and the polynuclear aromatic hydrocarbons, represented 
by benzo[o]pyrene, are of concern, because they are known car- 
cinogens (Vainio et al., 1985). 

RADIOACTIVITY OF 
ENVIRONMENTAL TOBACCO SMOKE 

The radioactive isotopes of lead (Pb-210), bismuth (Bi-210), 
and polonium (Po-210), known as long-lived radon daughters in 
the decay chdn of uranium via radium and radon (Radford and 



TABLE 2-5 Measured Concentrations of Nicotine in ETS'' 



Nicotine Concentrations. 



Location 


Tobacco Burned 


Ventilation 


Mean 


Range 


References 


Train 




Natural, closed 




0.7-3.1 


Harmsen and Effenberger, 1957 


6 coffee houses 


Smokers varied 






25-52 


Badreet al., 1978 


Room 


18 smokers 




500 


— 


Badreet al., 1978 


nu^piifli lODoy 


iz-JU smokers 
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Badreet al., 1978 


2 train compartments 


2-3 smokers 


I 




36-50 


Badreet al., 1978 


Automobile 


3 smokers 


Natural, open 


65 




Badreet al., 1978 






Natural, closed 


1,010 






Submarines 


157 cigarettes/day 


Ves 


32 




Canoct al., ;970 


(66 m^) 


94-103 cigarettes/day 


Yes 


15-35 






Train 






4.9 




Hinds and First, 1975 


Bus 






6.7 




Hinds and First, 1975 


Bus waiting room 






1.0 




Hinds and First, 1975 


Airline waiting room 






3.1 




Hinds and First, 1975 


Restaurant 






5.2 




Hinds and First, 1975 


Cocktail lounge 






10.3 




Hinds and First, 1975 


Student lounge 






2.8 




Hinds and First, 1975 


44 offices 






0.9 ± 1.9 


13.8 (peak) 


Weber and Fischer, 1980 



^'Time-weighted average (TWA) of nicotine, 500 ng/m^. TWA = average concentration to which worker may be exposed continuously for 8 h 
without damage to health vNational Institute for Occupational Safety and Health, 1971). 
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TABLE 2-6 Measured Concentrations of Nitrogen Oxides in ETS" 



Nitrogen Oxides Concentrations, ppb 

Nonsmoke Control, 



Location 


Tobacco Burned 


Ventilation 


Mean 


Range 


Mean 


References 


Restaurant 




Mechanical 


NOi 76 


59-105 


63 (outdoors) 


Fischer et al., 1978 








NO 120 


36-218 


115 (outdoors) 




Restaurant 




Natural 


NOi 63 


24-99 


50 (outdoors) 


Weber. 1984 








NO 80 


14-121 


11 (outdoors) 




Bar 




Natural, open 


NOi 21 


1-61 


48 (outdoors) 


Weber et al.. 1979 








NO 195 


66-414 


44 (outdoors) 




Cafeteria 




11 changes/h 


NOi 58 


35-103 


27 


Weber et al.. 1979 








NO 9 


2-38 


5 




44 offices 


Variec 


Varied 


NOi 24 ± 22 


115 (peak) 




Weber and Fischer. 1980 








NO 32 ±60 


200 (peak) 







"Time-weighted averages (TWAs): nitric oxide. 25 ppm; nitrogen dioxide. 1 ppm. TWA = average concentration to which worker may be exposed 
continuously {^r 8 h without damage to health (National Institute for Occupational Safety and Health, 1971). 



TABLE 2-7 Measured Concentrations of Acrolein in ETS'' 



Acrolein Concentrations 



Location 


Tobacco Burned 


Ventilation 


Mean 


Range 


References 




Coffee houses 


Varied 






0.03-0.10 mg/m-' 


Badre et al.. 


1978 


Room 


18 smokers 




0.185 mg/m^ 




Badre et al.. 


1978 


h spital lobby 


12-30 smokers 




0.02 mg/m^ 




Badre et al.. 


1978 


2 it*ain compartments 


2-3 smokers 






0.02-0.12 mg/m^ 


Badre et al.. 


1978 


Automobile 


3 smokers 


Natural, open 


O.Oj mg/m^ 




Badre et al.. 


1978 




2 smokers 


Natural, closed 


0.3 mg/m^ 








Restaurant 




Mechanical 


7ppb 




Fischer ct al. 


* 1978 






Natural 


8ppb 








Bar 




Natural, open 


lOppb 




Weber et al.. 


1976 


Cafeteria 




1 1 changes/h 


6 ppb 




Weber et al.. 


1976 



"Tinwweighted average (TWA) of acrolem, 0. 1 ppm. TWA = average concentration to which worker may be exposed continuously for 8 h without 
damage to health (National Institute for Occupational Safety and Health, 1971). 



TABLE 2-8 Measured Concentrations of Acetone in ETS*' 



Location 


Tobacco Burned 


Ventilation 


Acetone Concentrations, mg/m^ 
Mean Range 


References 




6 coffee houses 


Varied 






0.9N5.88 


Badre et al.. 


1978 


Room 


18 smokers 




0.51 




Bndrc et aL, 


1978 


Hospital lobby 


12-30 smokers 




1.16 




Badre et al.. 


1978 


2 train compartments 


2-3 smokers 






0.36-0.75 


Badre et al.< 


1978 


Automobile 


3 smokers 


Natural* open 


0.32 




Badre et al.. 


1978 




2 smokers 


Natural, closed 


1.20 









"Time.wcighted average (TWA) of acetone, 250 ppm. TWA = avcrat>e concentration to which worker may be exposed continuously 
for 8 h without damage to health (National Institute for Occupational Safety and Health, 1971), 



TABLE 2-9 Measured Concentrations of Various Toxic Agents in Rooms Polluted with ETS 



Pollutant 


Location 


Concentration 


No;}snioke Control Concentration 


References 


Benzene 


Public places 


20-317 /4g/m^ 




Badrcet il.. 1978 


A^'Nitrosodinietiiylamine 


Restaurant, public 






Brunnetnann et al., 1977; 




places 


0.0N0.24 /ig/m^ 


O.OOS /ig/m^ (inside) 


Stehlik et al., 1982 


A^-Nitrosodiethylamine 


Restaurant, public 
places 


<0.0l-0.2|ig/m^ 




Stehlik et al., 1982 


Anthanthrene 


Coffee houses 


4.1-9.4 ng/m^ 


2.8-7.0 ng/m^ (outdoors) 


Just et al., 1972 


Bcnzo|u|nuorene 


Indoors 


39 ng/m^ 




Grim nerct al., 1977 


Benzo|u|pyrene 


Restaurant, public 


2.8-760 ng/m^ 


4.0-9.3 ng/nv^ (outdoors) 


Galuskinova. 1964: 
just ct al« 1972: 
Pero% 1973: 
Grimr.erei al., 1977 


Benzo|-|pyrene 


Coffee Itouses 


3.3-23.4 ng/rs^ 


3.0-5.1 ng/m^ (outdoors) 


)ust et aL, 1972 


Coronene 


Coffee houses 


0.5-L' ng/m^ 


1.0-2.8 ng/m^ (outdoors) 


Just et aL, 1972 


Perylcnc 


Coffee houses 


0.7-1.3 ng/m^ 


0.1-1.7 ng/m^ (outdoors) 


Just et aL, 1972 


P>Tcne 


Coffee houses 


4,1-9.4 ng/m^ 


0.1-1.7 ng/in^ (or.tHoors) 


Justet al., 1972 


Phenols (volatile) 


Coffee houses 


7,4-11.5 ng/m^ 




Just ct al., 1972 
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Hunt, 1964; Martell, 1975; HUl, 1982), are present in tobacco and 
therefore appear in tobacco smoke. Furthermore, v;hen radon is 
present in the air, aerosol particles, including those of tobacco 
smoke, tend to adsorb the earlier decay products of radon, namely 
the so-called short-lived daughters (Po.218, Pb.214, Bi-214, and 
Po-214), i,e, those preceding the long-lived daughters in the decay 
chain (Raabe, 1969; Kruger and Nothing, 1979; Bergman and 
Axelson, 1983), 

The presence of Pb-210 and subsequent decay products in 
tobacco might derive from uptake of Pb-210 from the soil, espe- 
cially if radium-rich phosphate fertilizer? have been used (Tso et 
al, 1966), It may also result from adsorption of short-lived radon 
daughters on the leaves of the tobacco plant when phosphate fer- 
tilizers are used and the leakage of radon from the ground is 
therefore increased. This adsorption applies to shot ^ -lived daugh- 
ters, which then decay to the long-lived Pb-210, and subsequent 
nuclides found in the tobacco when phosphate fertilizers, contain- 
ing radium-226, are used (Fleischer and Parungo, 1974; Martell, 
1975), The origin of these decay products could also be due to the 
general occurrence of radon in the atmosphere (Hill, 1982), 

In recent years, relatively high concentrations of radon and 
short-lived radon daughters have been found in indoor air in homes 
in several countries (Nero et al, 1985), In clean air, the short-lived 
radon daughters tend to be more unattached to aerosol particles 
.and therefore are more easily deposited on walls, furniture, etc, es- 
pecially through electrostatic forces. In the presence of an aerosol 
like tobacco smoke, somfe oi' the short-lived radon daughters are 
attached to particles, and therefore remain available for inhalation 
to a much greater extent than would otherwise be the case. Indoor 
radon-daughter concentration can more than double in the pres- 
ence of tobacco smoke (Bergman and Axelson, 1983), Since radon 
daughter exposure is a well-known cause of lung cancer in miners, 
the described attachment of radon daughters to cigarette smoke 
would contribute to the carcinogenic potential of ETS (Little et al,, 
1965; Rajewsky and Stahlhofen, 1966; Radford and Martell, 1978), 
Given the presence of appreciable amounts of radon in indoor air, 
irradiation of the bronchial tract from radon daughters attached 
to smoke aerosol could be more important than the irradiation 
from the long-lived daughters in the tobacco itself. This subject 
needs further research, especially in light of recent reports on the 
widespread prevalence of indoor radon throughout the world. 
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TOXIC AND CARCINOGENIC AGENTS 
IN TOBACCO SMOKE 

Combustion products of cigarettes are the main contributors 
of ETS. Therefore, comparisons of concentrations of specific toxins 
and carcinogens in ETS (Tables 2-4 through 2-9) with correspond- 
ing concentration i in MS are relevant. 

However, comparisons of MS and ETS can be appropriate 
only if one considers the important differences in chemical com- 
position (including pH) and physicochemical nature (e.g., particle 
size, air dilution factors, and distribution of agents between vapor 
and particulate phases) between the two aerosols. Furthermore, 
ETS in indoor environments is often accompanied by pollutants in 
the work environment or derived from other sources, ch as cook- 
ing stoves and space heaters. There are also important differences 
between inhaling ambient air and inhaling a concentrated smoke 
aerosol during puff-drawing. Finally, chemical and physicochem- 
ical characteristics based on analysis of smoke generated by ma- 
chine smoking are not fully comparable with those of compounds 
generated when a smoker inhales cigarette smoke. Especially in 
the caae of low-yield cigarettes, the yields of constituents appear 
to be different between machine smoking and human smoking 
(Heming et al., 1981). 

Table 2-10 compares concentrations of some smoke constitu- 
ents in the MS generated in the laboratory from one cigarette 
to those inhaled by a nonsmoker exposed to ETS for 1 hour."*" 
The physical and chemical changes that occur in reactive smoke 
constituents during aging of the compounds after their emission 
into the environment must also be considered. For example, nitric 
oxide is generated in a cigarette during smoking and is chemically 



The computations for exposures to nonsmokers for 1 hour in Table 2-10 
are made using the equation: 

mg/h = mg/in X 10'"^m^/L x 600L/h, 

assumin^ an average respiratory rate of 10 L/minute. To convert from ppm 
(or ppb) to mg/m^, the following equation is used: 

/ 3 _ ppm X molecular weight 



where RT at 20^C is 24.45. 
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intact when it leaves the cigarette in MS about 2 seconds later. 
However, once emitted into SS and diluted to become an ETS 
component, nitric oxide is partially oxidized to nitrogen dioxide 
and progressively more oxidized as more time elapses, producing 
a potent hydrophilic nitrosating agent. 

SUMMARY AND BE COMMENDATIONS 

The smoldering of tobacco between pufiFs generates SS. Undi- 
luted SS contains some toxic compounds in much higher concen- 
trations than MS, especially ammonia, volatile amines, volatile ni- 
trosamines, some nicotine decomposition products, and aromatic 
amines. Furthermore, decay products of radon from the tobacco 
and from other sources adsorbed on some particles in indoor air 
might contribute to the carcinogenic potential of ETS. 

SS is a major contributor to ETS. Respiratory environments 
that aie polluted with SS contain measurable amounts of nicotine 
and other toxic agents, including carcinogens. We lack data on the 
presence and concentrations of many of the known SS components 
in polluted, endosed environments. The concentrations of toxic 
agents of ETS are governed primarily by the amount of tobacco 
smoked, the degree of ventilation, and the volatility of the agents. 
Future studies should concentrate on the analysis of toxic and 
carcinogenic agents in smoke-polluted environments. 

What Is Known 

1. SS is the aerosol that is freely emitted into the air from the 
smoldering tobacco products between puffs. 

2. ETS consists of diluted SS, exhaJed MS, smoke that escapes 
from the burning cone during puff-drawing, and vapor-phase com- 
ponents (such as carbon monoxide) that diffuse through cigarette 
paper into the environment. However, secondary reactions can oc- 
cur before a nonsmoker inhales ETS, such as aging, volatilization 
of nicotine, and adsorption of radon daughters on particles. 

3. Undiluted SS contains higher concentrations of fiome toxic 
conipounds than undiluted MS, including ammonii, volatile 
amines, volatile nitrosamines, nicotine decomposition products, 
and aromatic amines. 

4. Conventional cigarette filter tips primarily influence the 
yield of MS, but have little impact on the yield of SS. Highly 



TABLE 2-10 Concentrations of Toxic and Carcinogenic Agents in Cigarette Mainstream Smoke and ETS in Indoor 
Environments" 





Mainstream Smoke from 


Inhaled as ETS Constituent 








Nonfilter Cigarette 




During 1 Hour 


: Range 


Exceptionally High Values^ 


Agent^ 


Weight 


Concentration 


Weight 


Concentration 


Weight 


Concentration 


CO 


10-23 mg 


24,900-57,400 ppm 


0.6-13 mg 


1-18.5 ppm 


22 mg 


32 ppm 


NO 


100-600 ^g 


230,000-1,380,000 ppb 


7-88 fxg 


9-120 ppb 


144 ^g 


195 ppb 


NOj 


<5A*g 


< 7,600 ppb 


24-86 fxg 


21-76 ppb 


ll9A*g 


105 ppb 


Acrolein 


6O-1OO fjig 


75,000-125,000 ppb 


8-69 A*g 


6-50 ppb 


llOAig 


80 ppb 


Acetone 


100-250 f»g 


120,000-300,000 ppb 


210-710 ^g 


150-500 ppb 


3,400 ^g 


2,400 ppb 


Benzene^ 


12-48^g 


11,000-43,000 ppb 


12-190 A*g 


6-98 ppb 


190 A*g 


98 ppb 


NDMA*" 


10-40 ng 


9-38 ppb 


6-140 ng 


0.003-0.077 ppb 


140 ng 


0.072 ppb 


NDEA' 


4-25 ng 


3-17 ppb 


<6-120 ng 


< 0.002-0.05 ppb 


120 ng 


0.05 ppb 


Nicotine 


1.000-2,500 ^g 


430,000-1,080,000 ppb 


0.6-30 iJig 


0.15-7.5 ppb 


300 /ig 


75 ppb 




20-40 ng 


5-11 ppb 


1-7-460 ng 


0.00027-0.074 ppb 


460 ng 


0.074 ppb 



''Values for inhaled ETS components calculated from values in Tables 2-4 through 2-9 and respiratory rate of 10 L/min. Data from unvcntilatcd 
interiors of automobiles excluded (Badre et al., 1978). Concentrations for MS are calculated by diluting weights given in volume of 350 ml, that is 10 
puffs at 35 ml/puff. 

''Chosen to classify reported data that require confirmation. 

*'NDMA = /V-nitrosodimethylamine; NDEA = /V-nitrosodiethylamine; BoP = benzo[tflpyrene. 

''Human carcinogen, according to International Agency for Research on Cancer (Vainio et al., 1985); suspected carcinogen, according to American 
Conference of Governmental Industrial Hygienists (1985). 

Animal carcinogen according to the International Agency for Research on Cancer (Vainio et al., 1985). 

^Suspected human carcinogen according to the International Agency for Research on Cancer (Vainio et al., 1985) and according to the American 
Conference of Governmental Industrial Hygienists (1985). 



er|c 



47 



active filter tips, especially perforated ones, also affect the yield of 
components in SS, 

5, Radioactive decay products to; acco itself, for instance, 
Pb-210 and Po-210, and short-lived radon daughters adsorbed on 
smoke particles in indoor air can contribute to the carcinogenic 
potential of ETS. 

6, ETS in indoor environments is accompanied by pollutants, 
such as nitrogen oxides and carbon monoxide, derived from other 
sources, including cooking stoves and space heaters, ETS contains 
measurable amounts of nicotine and other toxic agents, including 
carcinogens. The concentrations of toxic agents of ETS are gov- 
erned primarily by the amount of tobacco smoked, the degree of 
ventilation, and the volatility of the agents, 

7, Nicotine, found in MS primarily in the particulate phase, 
occurs in ETS primarily in the vapor phase. Therefore, filters 
designed to reduce particles in the air will not substantially alter 
the nicotine concentration. 



What Scientific Inforauition Is Missing 

1, We lack data on the presence and concentrations of toxic 
and carcinogenic components in tobacco-smoke-polluted enclosed 
environments. 

2, The distributions of various agents in vapor and particu- 
late phases of ETS are not well characterized. Further, the effect 
of air-cleaning systems on these distributions has not been stud- 
ied, Dbtributions are important with respect to the carcinogenic 
potential of ETS, 

3, We need to examine the importance of the abundant release 
of amines into ETS, We lack analytic data on secondary reactions 
of amines in polluted air, such as iV-nitrosation and condensation 
with other ETS components, 

4, The transfer of constituents other than nicotine from the 
particulate phase of SS to the vapor phase of ETS could be impor- 
tant with respect to the retention of ETS in the respiratory tract 
of npnsmokers, 

5, We do not know the extent to which nitrogen dioxide 
can contribute to endogenous nitrosation in nonsmokers as a con-*^ 
stituent of the respiratory environment. Endogenous nitrosation 
leads to nitrosamines in exposed subjects. 
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6. We need studies to determine the extent to which ETS dif- 
fers from MS in ways related to health and their relative toxicities. 

7. We should analyze toxic and carcinogenic agents in smoke- 
polluted environments, especially enclosed natural environments, 
and their uptake by nonsmokers. 

3. Research should be conducted on interactions between ETS 
and radon daughters, especially as radon daughters can adhere to 
RSP, and can thereby enter the lung. 
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In Vivo and In Vitro 
Assays to Assess the 
Health Effects of 
Environmental Tobacco Smoke 



INTRODUCTION 

Suitable methods for assessing the potential for adverse health 
effects resulting from exposure to environmental tobacco smoke 
(ETS) are limited by the complexity of the composition of the 
mixture. In vivo and in vitro assays are commonly used to establish 
carcinogenicity and in some cases to extrapolate risks to humans. 
For complex mixtures such as ETS, these assays may be done on 
the mixture itself or on individual chemical constituents. Many 
properties of ETS change as the smoke ^'ages'* after its initial 
generation. Aging probably affects the bioavailability, as well as 
physicochemical diaracteristics, of the smoke. 

As inhalation is the primary route by which humans are ex- 
posed to tobacco smoke, it is obviously the preferred method 
of administration in animal models for evaluating the toxicologic 
cal properties of both cigarette smoke and ETS. While extensive 
inhalation studies have been performed on the toxicological prop- 
erties of mainstream cigarette smoke (MS), far fewer studies have 
been performed on sidestream smoke (SS) and ETS. The selection 
of appropriate animal models requires familiarity with exposure 
systems, as well as with basic anatomical differences between the 
model and human respiratory tracts. 

Methods other than inhalation, such as in vitro assays, have 
been developed for the evaluation of MS. A few of these methods 
have been applied to the assessment of the relative toxicological 
properties of SS versus MS. These methods are frequently crit- 
icized because of differences in the way the smoke constituents 
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are presented to the test system as compared with that which oc- 
curs in the human situation. Despite these limitations, the use of 
cigarette smoke condensate (CSC) from MS has provided insight 
into the relative carcinogenic potential of various constituents in 
the MS of cigarettes. Similar studies using suitable condensates 
from SS and aged ETS could provide additional data on the effects 
ofETS. 

IN VIVO ASSAYS ON ENVIRONMENTAL 
TOBACCO SMOKE 

Exposure Methods in Laboratory Research 

Several methods are available to evaluate the potential health 
efifects of inhaled pollutemts. Some conmion ones are whole-body 
exposure, he«ui-only exposure, nose* or mouth-only exposure, lung- 
only exposure, or partial-lung exposure. Since the primary objec- 
tive of an inhalation experiment b to determine the effects of the 
test subrtances or mixture on the respiratory system, it is prefer- 
able to eliminate or limit exposure through the skin or through 
ingestion (such as through contact with materials deposited on the 
fur or contaminated food and water). 

Three methods have been used to deternfiine the amount of 
material deposited in the respiratory tract (Phalen, 1984): di- 
retw measurement, calculations using jurborne concentrations and 
uptake models, and calibration of the exposure apparatus using 
tracer substances. Direct measurement requires analysis of major 
components and their metabolites in tissues as well as in urine 
and feces or nieasurement of the amounts of material in the in- 
spired and expired air. Aside from calculating dose based upon 
particle aerodynamic size and physiological data on lung function 
of experimental animals, tracers can provide reasonable estimates 
of expo£ure. 

Inhalation exposure chambers are used for those studies in 
which whole-body exposure is desired. The ability to expose a 
large number of animals at one time and the absence of a need 
to restrain or anesthetize the animals are among the advantages 
in using this approach. There are, however, several major disad- 
vantages. The animals are exposed through skin absorption and 
mouth ingestion and, in prolonged instances, by food and possi- 
bly water contamination. Animals tend to avoid exposure in such 
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chambers by huddling together or covering their noses with their 
own fur. Losses of particulate aerosols to the interior walls of the 
chambers are also frequently a problem. 

Head-only exposure systems eliminate many of these prob- 
lems. The disadvantages of these systems are that the animal 
must be restrained and is stressed or anesthetized, and th;^e is 
difficulty in forming an adequate seal. 

Nose- or mouth-only exposure systems further limit exposure 
to the oral cavity and the respiratory tract. Masks or the use 
of catheters in the nose are generally used with larger animals. 
Lung and partial-lung-caly exposure systems such as endotracheal 
tubes are employed to bypass the upper respiratory tract and to 
directly expose the lung. Most of these methods require that the 
animal be anesthetized, which may alter normal respiration. Other 
disadvantages include disruption of normal airflow by the presence 
of tubes in the airways and the loss of normal humidification and 
thermal regulation of the inspired air caused by bypassing the 
upper respiratory tract. 

Intratracheal instillation is an alternative to inhalation for 
evaluating the effects of individual compounds on the respiratory 
system. While there are several advantages in employing this 
bioaBsay technique, it is also known that the distribution cr test 
material to respiratory tissue may differ from that which would 
be obtained by actual inhalation exposures. Instillation of an 
aqueous suspension of radiolabeled particles resulted in a less 
uniform deposition than inhalation (Brain et al.| 1976). 

Animal Models in Inhalation Studies 

The selection of an appropriate animal model for inhalation 
studies with potentially toxic agents is compounded by the fact 
that one of the ms^or functions of the mammalian sensory ap- 
paratus is to limit the exposure to to:{ic agents either by alter- 
ing breathing or by producing avoidance behavior (Alarie, 1973; 
Wood, 1978). Also, the selection of caimal species and strains for 
inhalation exposure studies requires thorough evaluation. The use 
of several (at least three) animal species, several dose levels, and 
animals that metabolize the suspect toxin in a similar manner to 
humans is recommended for those studies that attempt to evalu- 
ate human hazards (Stuart, 1976). The appropriate animal model 
should have (1) a similarity to the human respiratory tract with 
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respect to anatomy, physiology, and susceptibility; (2) a life span 
appropriate for the proposed study; (3) a sensitivity to certain 
classes of toxic agents; (4) anatomical or physiological properties 
that could lead to increased precision in empirical measurements* 
(5) an existing data base; (6) a documented history of appropriate 
procedures; and (7) an adaptability for generating data that might 
be used for mathematically modeling the animal system and its 
responses to airborne particulates. 

Results of Inhalation Studies 

Inhalation studies on the carcinogenicity of MS have been per- 
formed on a variety of laboratory animals. The early studies with 
rodents have been previously reviewed (Wynder and HoflFmann, 
1967; Mohr and Resnik, 1978), More recent studies verify these 
findings for several animal species exposed to whole nmoke or MS, 
A few studies have exposed mice to the vapor phase of fresh MS, 
and one (see below) exposed mice to the vapor phase of flue-cured 
MS, Because commonly utilized filter systems do not remove many 
of the vapor-phase constituents, studies contrasting the effects of 
exposure to whole smoke with the effects of exposure to the gas 
phase f hould throw some light on the possible health eflFects of 
ETS. 

Male and femi\le C57B1 mice (100 in each group) were ex- 
P'>sed nose only for 12 minutes daily to the gas phase of smoke of 
cigarettes prepared from flue-cured tobaccos (Harris et al, 1974). 
The treated mice had lung tumors and emphysema, independent 
of the tumoro, which were not found in control mice, 

A total of 219 CL7^1 and 186 BLH mice were exposed to the 
gas phase of cigarette MS, The particulate matter was removed 
by passing the smoke tlbtough a Cambridge filter. The animals 
were exposed to the gcis phase of 12 cigarettes for 90 minutes - 
daily over 27 months. The percentages of mice with lung adeno- 
mas were 5,5% and 32% in the smoke-exposed C57B1 and BLH 
mice, as compared with 3,4% and 22% for their respective controls 
(Otto and Elmenhorst, 1967), Therefore, it appears that there are 
carcinogenic constituents in the vapor phase of the smoke. 

Using Snell's mice, similar studies evaluated the toxicological 
properties of whole MS and the gas phase of MS, In these stud- 
ies, the animals were housed in individual chambers during the 
exposure (Leuchtenberger and Leuchtenberger, 1970), There was 
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a significant difference (p < 0.1) in the incidence of pulmonary 
tumors between the animals exposed to whole smoke and control 
animals. The difference was greater (p = 0.005) for animals ex- 
posed to only the gas phase of cigarette smoke as compared with 
the same controls^ so that the rate of tumors among the gas-phase- 
exposed animals was greater than among the whole-smok^ exposed 
animals. 

In Vivo Bioassays Other Than Inhalation 

Alternative methods have been used to assess the relative 
chronic toxicity of cigarette MS in an attempt to reduce the cost 
and technical difficulties associated with inhalation experiments. 
Tile most common approach has been to use the CSC in bioassay 
procedures. In preparing the condensate, many of the volatile and 
semivolatile components are lost. In addition, it is not known 
how the aging of the CSC may affect chemical composition and 
biological activity. 

To date, only one study h^s examined the carcincgenic po- 
tential of the condensate of SS of cigarettes (Wynder and Hoff- 
mann, 1967; International Agency for Research on Cancer, 1986). 
Cigarette "tar^ from the SS of nonfilter cigarettes, which had set- 
tied on the funnel covering a multiple-unit smoking machine, was 
suspended in acetone and applied to mouse skin for 15 months. 
Fourteen of 30 Swiss-ICR mice developed benign skin tumors, and 
3 had carcinomas. In a parallel assay of MS from the same source, 
a 50% CSC:ac8tone suspension applied to deliver a comparable 
dose of CSC to 100 Swiss-ICR female mice led to benign skin tu- 
mors in 24 mice tod malignant skin tumors in 6. This indicates 
that the smoke condensate of SS has greater tumorigenicity per 
equivalent dose on mouse skin than MS "tar** (p < 0.05; Wynder 
and Hoffmann, 1967). 



Several short-term bioassays have been performed to evaluate 
the genotoxicity of cigarette MS. These studies have been the 
subject of two recent reviev/s (DeMarini, 1981; Obe et al., 1984). 
While most of them have evaluated the effects of CSC, some have 
attempted to evaluate either the gas phase or the whole smoke. 
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The most commonly employed assay for mutagenic activity 
employs various strains of Salmonella typhimurium. Whole smoke 
as well as CSC from four types of tobacco were found to be mu- 
tagenic in S. typhimurium TA1538 (Basrur et al., 1977)» Recent 
studies have shown that SS is also mutagenic in a system where 
the smoke was tested directly on the bacterial plates (Ong et al., 
1984). They support extensive assays performed on CSC that in- 
vlicate that tobacco smoke has significant mutagenic potential and 
show that the particulate matter of SS is likely to be a significant 
contributor to the mutagenic activity of indoor lur particulate mat- 
ter (Bos et al., 1983; liofroth et al., 1983). Thus, similar mutagenic 
activity for the CSC of SS would be expected. 

In another study (Lewtas et al., in press), condensate from air 
polluted with ETS for 10 hours was used in an assay employing 
S. typhimurium. The average indoor air mutagenicity per cubic 
meter was significantly correlated with the number of cigarettes 
smoked. 

Another in vitro assay measures the number of sister-chroma- 
tid exchanges (SCEs) in human lymphocytes. Valadand-Barrieu 
and Izard (1979) used a solution of the gas phase from cigarette 
MS. They showed that this solution induced a significant dose- 
related increase in SCEs. 

SUMMARY AND EECOMMEN: )ATI0NS 

Sufficient data are not available to assess the relative genotox- 
icity and toxicity of whole ETS. A few isokted reports have dealt 
with the genotoxicity of SS and ETS, and the relative toxicity of 
MS and SS. In order to evaluate ETS, it is suggested that in vitro 
genotoxicity assays m at least two systems should be done with 
ETS per se as well as with its particulate matter. These assays 
under controlled and, subsequently, under field conditions should 
not be limited to freshly generated ETS, but should also attempt 
to determine effects of various degrees of dr dilution and aging. 
In a comprehensive analytical approach, data should be generated 
to determine systematically the concentrations of toxic and iu- 
morigenic agents in various milieus with ETS. At the seime time, 
it may be useful to examine the uptake of tobacco-specific agent? 
as well as the mutagenicity of the urine of nonsmokers exposed to 
ETS. All of these measures should be considered in the context of 
detailed exposure histories. 
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What Is Known 

1. The lungs of various species have different physiological 
properties, making each of them the experimental species of choice 
only for certain situations, depending on the objective of the re- 
search study. 

2. ETS and SS have been shown to be mutagenic in a system 
where the smoke was tested directly on bacterial plates. 

3. The extensive studies of MS can serve as a guideline for 
the evaluation of ETS, Many of the constituents in the smokes 
are sunilar. Despite the limitations of extrapolating from various 
bioassays to man, the use of CSC from MS has provided insight 
as to the contribution of various components to the carcinogenic 
potential of MS from cigarettes. 

4. hi the only study reported to date using SS condensate, SS 
condensate was shown to be more carcinogenic than MS conden- 
sate. 

• 

What Scientific Information Is Missing 

1. Only a few laboratory methods have been applied toward 
the assessment of the relative toxicological and genctoxic prop- 
erties of SS generated from cigarettes and, more importantly, of 
ETS. Research is needed to clarify the appropriate methods for es- 
timating genotoxicity and to isolate and identify the active agents 
in body fluids of ETS-exposed nonsmokers. 

2. Crmparative inhalation studies with MS, SS, and ETS are 
still needed. Such assays, while not duplicating human exposure 
patterns, would provide more definitive information about the 
relative carcinogenic potential of SS in comparison to the MS of 
the same cigarettes. 

3. The aging of the atmosphere in which ETS occurs can have 
a profound effect on its chemical composition, physical charac- 
teristics, ^xid overall biological effects. Therefore, studies of aged 
ETS are needed. 

4. Where exposure histories can be specified clearly, valida- 
tion and quantitative determination of genotoxic markers for sub- 
stances in ETS that also occur in the environment would be of 
value for measuring dose of ETS. 

5. In examining the effects of MS, many research workers have 
used condensates of the smoke painted on the shaved skin of mice. 
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Similar work with skin painting has not been done with ETS and 
would be of value for assessing the differential toxicity of ETS and 
MS. 

6. In vitro (^says are ueeded for estimation of the tumor 
promotion? .nd cocarcinogeuic effect of ETS. In vitro tests are 
quicker ' n in vivo tests, and enough material can not be collected 
to do in ✓ivo tests. 
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4 

Introduction 



Exposure to a variety of air contaminants has been shown 
to produce adverse health and discomfort responses in humans. 
In another report from the National Academy of Sciences (NRC, 
1985), the methodological issues of studying exposures to air pol- 
lutants and subsequent health effects are discussed in detail. This 
part of the report considers issues relevant to assessing exposure 
to ETS. Ideally, evidence for health effects in humans should be 
demonstrated in epideiruologic studies that are consistent with a 
plausible hypothesis across a range of exposures or doses. However, 
many epidemiologic studies have substantial uncertainties associ- 
ated with exposure variables. A framework for assessing exposures 
to environmental tobacco smoke (ETS) is discussed below. A va- 
riety of appro£u:hes to current and historic exposures to ETS, such 
as personal monitoring, locational monitoring, questionnaires, and 
biologic moniloring, are presented. 

Concentrations of air contaminants exhibit pronounced spa- 
tial and temporal variations, regardless of the microenvironments 
in which they are found (outdoors, residential, industrial^ etc.). 
Ideally, identifying the air contaminant or class of contaminants 
implicated in producing adverse health or comfort effects is essen- 
tial in designing an air-monitoring program. In practice, however, 
it is often necessary to monitor a class of contaminants (for in- 
stsmce, total mass of respirable particles) or a proxy contami'^ant 
(for instance, nicotine), when the specific air contaminant produc- 
ing the adverse impact can not be identified or easily measured. 
The air contaminants associated with ETS are comprised of a 
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broad range of many vapor- and particle-phase inorganic and or- 
ganic chemicals noted in Chapter 2, some of which can undergo 
pronounced physicochemical changes. Assessing impact on human 
health and comfort requires the identification of proxy air contam- 
inants for ETS that will permit a determination of exposure in a 
background of contaminants from other sources (see Chapter 5). 

In epidemiologic studies of air contaminants, it is important 
to specify exposure to specific particulates or gases on a time scale 
corresponding to the health or comfort effect sought. The impact 
of exposure to an air contaminant should, ide^^Uy, be evaluated in 
terms of the biologic dose of the contaminant or its metabolites 
received by the target tissue. In most cases, this is not practi- 
cal. The uptake, distribution, metabolism, and site and mode of 
action of the contaminant in humans is neither well understood 
nor easily measured. Moreover, dose cannot be directly assessed. 
Factors affecting the uptake of air contaminants include physical 
characteristics of the contaminant, as well as physiological char- 
acteristics ;md activity levels of the exposed person (see Chapter 
7). In the absence of an ability to measure or specify the dose of 
a contzuninant received, expi^jures to air contaminant(s) are as- 
sessed by either using biological markers, measured in the subject 
population, or by measuring the air-contaminant concentrations 
in the physical environment (Figure 4-1). 

Exposures to airborne contaminants can be assessed by three 
basic approstches (Figure 4-1): 

• personal air-contaminant monitoring, 

• modeling, based on air sampling, time-activity patterns, 
and questionnaires, and 

• biological markers. 

Personal monitoring employs samplers (worn by subjects) that 
record the integrated concentration individuals are exposed to in 
the course of their normal activity for time periods of several hours 
to several days (see Chapter 5). 

The modeling approach employs the use of stationary moni- 
tors to measure the air-contaminant concentrations in a number of 
microenvironments. These measured concentrations are combined 
with time activity patterns (time budgets) to determine the aver- 
age exposure of an individual as the sum of the concentrations in 
each environment weighed by the time spent in that environment. 
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FIGURE 4-1 FloN diagram of components for assessing human exposures 
to air contaminants from environmental tobacco smoke. 



Questionnaires are employed in two capacities: (1) to provide in- 
formation on the physical properties of each environment, includ- 
ing source use pentameters, in order to model the concentration of 
air contaminants in the microenvironment, thus permitting a pre- 
diction of air-contaminant concentrations in spaces not monitored; 
and (2) to provide a simple categorization of exposure levels, such 
as exposed versus unexposed or none versus low versus high. 

Questionnaires have been used to categorize subjects' expo- 
sure to ETS in all studies of risk of chronic lung disease reported to 
date. Chapter 6 discusses the use of questionneiires to categorize 
ETS exposures. 

Chapter 7 reviews assumptions required to estimate exposure- 
dose relationships for ETS and gives an appvoximation to the dcse 
received under a specific situation. 
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Chapter 8 examines the use of biological markers, such as 
urinary cotinine, as indices of exposure to ETS. 

There are several factors (Figure 4-1) that determine the com- 
position and level of ETS air contaminants in the indoor environ- 
ments. Determining the range of values for each of these factors 
will lead to an understanding of theur impact on ETS exposures. 
Efforts to modify or eliminate exposures to ETS must focus on 
the factors that control the concentrations in the physical environ- 
ment, since these factors result in the exposure that rel&tes to the 
adverse health or comfort effect. 
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Assessing Exposures to 
Environmental Tobacco Smoke 
in the External Environment 



Environmental tobacco smoke (ETS) is composed of more 
than 3,800 compounds. The emitted compounds are found in 
vapor or particulate phases, or in some cases both. Volatile mate- 
rial may evaporate from particles within seconds to minutes after 
emission (e.g., nicotine, see Chapter 2). ETS has not yet been 
adequately characterized such that its chemical and physical na- 
ture can be clearly defined. The concentration of any inc'ivMual 
or group of ETS cor.stituents in an enclosed space is a function of: 

(a) the generation rate of the contaminant(s) from the tobacco, 

(b) the source consumption rate, (r) the ventilation or infiltra- 
tion rate, (d) the concentration of the contaminant(8) of interest 
in the ventilation or infiltration air, (e) the degree to which the 
air is mixed, (f) the removal of the contaminant (s) by surfaces 
c:* chemical transformations, and (g) the effectiveness of any air- 
cleaning devices that may be in use. Exposure to ETS takes place 
in meny settings — such as public, industrial, nonindustrial occu- 
pational, and residential buildings — and is a function of the time 
an individual spends in a iiiicroenvironment and the concentration 
of the ETS constituents in that environment. ETS exposures can 
be determined either by extrapolation from fixed-location moni- 
toring survey instruments that are portable or by direct personal 
monitoring, using ''ghtweight pumps and filters worn by subjects. 

This chapter will consider the methodology and data available 
for assessing human exposures to ETS in the physical (external) 
environment, including the suitability of proposed tracers or proxy 
air contaminants that would be representative of ETS, available 
data on ETS exposure from personal monitoring and monitoring of 
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indoor environments, and the applicaiion of modeling to assessing 
ETS exposures. 

TRACERS FOR ENVIRONMENTAL 
TOBACCO SMOKE 

It is difficult to assess th^. ETS contribution to exposures 
because it usually exists in a complex mix of air contaminants 
from oth'rr sources. It.is not practical, or possible, to monitor the 
full range of air contamirwts associated with ETS, even imder 
laboratory conditions. Chamber and geld studies of ETS have 
monitored proxy contaminants as indicators of ETS. Most studies 
to date have been less than ideal because the component that was 
measured did not meet all the following criteria for an ETS tracer. 
A marker or tracer for quantifying ETS concentrations should be: 

• unique or nearly unique to the tobacco smoke so that other 
sources are minor in comparison, 

a constituent of the tobacco smoke present in sufficient 
quantity such that cx>ncentrations of it can be easily detected in 
air, even at low smoking rates, 

• similar in emission rates for a variety of tobacco products, 

and 

• in a fairly consistent ratio to the ludividual contaminant 
of interest or category of contaminants of interest (e.g., suspended 
particulates) under a range of environmental conditions encoun- 
tered and for a variety of tobacco products. 

While a variety of measures have been used as proxies or 
tracers of ETS, no single measure has met all the criteria out- 
lined above, nor has any measure been universally accepted or 
recognized as representing ETS exposure. 

Carbon monoxide (CO) has been measured extensively both 
in chamber studies (Bridge and Com, 1972; Hoegg, 1972; Penkala 
and De Oliveira, 1975; Weber et al., 1976, 1979a,b; Weber and 
Fisher 1980; Weber, 1984; Muramatsu et al., 1983; Leaderer et 
al., 1984; Winneke et al., 1984; Clausen, et al., 1985) and in oc- 
cupied public and nonindustrial occupational indoor spaces (see 
Table 2-4) to represent ETS levels. Under steady-state conditions 
in chamber studies, where outdoor CO levels are known and the 
tobacco brands and smoking protocols constant, CO can be a rea- 
sonably reproducible mdicator of ETS exposure. The variability 
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of CO production from tobacco combustion is not well known and 
may vary considerably as a function of a number of variables (puiF 
volume, puff duration, temperature, etc.). The ratio of CO, a 
nonreactive contaminant, to the more reactive gas-phase contam* 
inants in ETS and to reactive suspended patticulate mass is not 
well established, particularly in the dynamic phase of smoking, 
that is, the non-steady-state phase. Chamber and field studies 
have indicated that, under realistic smoking conditions that would 
be encountered in residences or offices, the typical smoking and 
ventilation rates would produce CO levels well within the levels 
observed in the outdoor air or in the indoor air generated from 
the indoor sources, such as kerosene heater, gas stove^ etc. Con- 
sequently, it is difficult to factor out the contribution of CO from 
ETS in any specific, uncontrolled situation. In areas where heavy 
smoking is experienced, and where other sources of CO do not 
exist, CO may provide a rough measure of ETS exposure because 
the CO produced by the tobacco combustion will dominate. 

Both chamber and field studies (Table 5-1) have demonstrated 
that tobacco combustion has a major impact on the mass of sus- 
pended particulate matter in occupied spaces in tue size range 
<2.5 /^m, defined in this report as respirable suspended particu- 
lates (RSP). Suspended particulate mass is a major component of 
environmentally emitted tobacco smoke. Even under conditions 
of low smoking rates, easily measurable increases in RSP have 
been recorded above background levels (Table 5-1). The term 
RSP, however, encompasses a broad range of particulates of vary- 
ing chemical composition and size emanating from a number of 
sources (outdoors, cooking indoors, etc). 

Smoking is not the only source of particulate matter sus- 
pended in the indoor air. The apportionment of the measured 
RSP to tobacco combustion in an occupied space will not be ac- 
curate unless the RSP emission rates for a variety of brands of 
tobacco are similar under a variety of conditions and source use 
information is obtained* The variability of RSP emissions into 
the environment for a variety of brands of tobacco needs to be 
investigated, as does the relationship between the vapor and par- 
ticulate phases of tobacco-combustion emissions under a variety of 
environmental conditions, such as different humidities, and under 
a variety of smoking conditions, such as subject smokers versus 
smoking machines. 
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TABLE 5-1 Particulate Levels Measured in Indoor Environments, Including Smoking and Nonsmoking Occupancy 



Study 


Type of 
Premise 


Occupancy 


Volume, 
m 


Ventilation 
Type/ Rate 


Monitoring 
Type/Time 


Concentrations 
Mean (range), 
;ig/m^ 


Comments 


Brunckrccf 3nd 


C rncifii^nppc 


NS 






j/z mo 




Tor, repeat measures 


Bolcij. 1982 


















7 rp^irfpnrp^ 


S = 1 




N/— 


yjf £. iiiu 




TSP sensitivity 






S = 2 




11/ 


\jfi mo 




TSP sensitivity 






S = 3 




N/ 


vj/te mo 




TSP sensitivity 




Outdoors 












Cuddcbuck 




S = 5-40 




N M/1-6 irh 


G/9 h 




1 or ventilation 


ct al.. 1976 




NS = 5-260 










LallllldlLU 






T = 10-300 












Elliot and 


3 arenas 


NS 






G/24 h 




1 Or 


Rowc, 1975 


3 nrpni^ 


s 










J Or 






T = 2.000- 
















14,277 












First, 1984 


1 school 


NS 




M/— 


P/— 




1 Or 




K ntihlip 


s 




il 1 ivi / — 


r/ ^ 




1 or 




htiilrlinnc 














Hawthorne 


1 1 residences 


NS 


150-674 


M/0 18-0 96 


OCMI/'i-lS min 


Q_40 (—) 


[\or, w iiiiLi / auiiniici 


ct al.. 










VUVCI U 11/ 




no sources 


1984 


8 residences 


NS 


150-674 


M/0.26-1.98 


OCM!/5-15min 


12-46 


RSP, winter/summer— 












(over 6 h) 




sources'* 




2 residences 


S 


150-674 


M/0.27-1.47 


OCMI/5-15 min 


96-100 


RSP, winter/summrr— 












(over 6 h) 




sources'* + cig. 


Lcadcrer 


3 public 


NS 


163-1.326 


M/0.37-5.6^ 


G/4-21 h 


17.8(9.1-32.2) 


TSP, repeat measures, 


ct al.. 


building. 


1.7-4.57* 










a!i var. 


personal 


7 public 


168-600 


M/0.77-7.53*' 


G/2-24 h 


205.1 (58-452) 


Measured 


communi- 


buildings 


T= 2-6 
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(160.0 peak) 


cation 
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2 offices 


— 


— 


— 
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5 residences 


NS 
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5 rpQifipnppc 


s 




ti/i/.j-i.j acn 


n /Oil u 


Nitschkc 


Oiitflnnrc 








\j/ loo n 


ct al.. 1985 


19 residences 


NS 


315-1.021 


N/— 


G/168h 
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S 
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N/— 


G/168h 


Parker et al.. 


1 residence 


NS 


— 


N/0.2-1.9 ach 


0/24 h 


1984 




T = 3 










2 residences 
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— 


N/0.2-0.7 ach 


0/24 h 
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Repace and 


Outdoors 


— 


— 


— 


P/2 min 


Lx)v/rey. 












1980. 1982 


27 Public 


0.13-3.54^ 


— 


M/— 


P/2 min 




buildings 










Sexton et al.. 


Outdoors 


— 


— 


— 
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19 homes 












24 residences 


NS'* 


— 


N/— 
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— 


— 


— 
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35 residences 


NS 


— 
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G/?4h 




15 residences 


S = 1 


— 


N/- 
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— 


N/- 
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Spcnglcr 


Outdoors 


— 


— 


N/— 
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ct al., 1985 


73 residences 


NS 
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S 
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Sterling and 


1 office 


S restr. 






G(?)/- 


Sterling. 1983 


22 offices 


S 






G(?)/- 
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RSP. TSP also 




measured 


16.8-20.2 


RSP. TSP also 


(53 peak) 


measured 


19.4-4.01 


RSP. TSP also 


(118.9 peak) 


measured 


36.9-99.9 


RSP. TSP also 




measure (1 


11.3 ± 6.0(1-28) 


RSP 


26.0 ± 22.6 (6-88) 


RSP. repeat measures. 




source mix'* 


59.2 ± 38.8(10-144) 


RSP. repeat measures. 




source mix*' 


<10(-) 


TSP 


10-46 (— ) 


TSP 


42.9 (22-63) 


RSP. average of 




2'min samples 


278 (86-1.140) 


RSP. average of 




2-min samples 


17.0 ± 1.6 (6-23) 


RSP. repeat samples 


25.0 1.0(13-63) 


Used fireplaces 


21.1 - *1.9(— ) 


RSP. repeat measures 


24.1 ± 11.6(— ) 


RSP. repeat measures 


36.5 ± 14.5 (-) 


RSP. repeat measures 


70.4 ± 42.9 (-) 


RSP. reper' measures 


18 ± 2.1 (-) 


RSP. repeat measures 


28 ± 1.1 (— ) 


RSP. repeat measures 


74 ± 6.6 (— ) 


RSP. repeat measures 


25.5(15-36) 


TSP 


31.7 (-) 


TSP 



TABLE 5-1 Continued 



Concentrations 





Type of 


Volume. 


Ventilation 


Monitoring 


Mean (range). 




Study 


Premise 


Occupancy m'' 


Type/ Rate 


Type/Time 




Comments 


U.S. Department 


8 domestic 


S - 


M/- 


G/1-1/4. 


^ot given (— ) 


TSP 


of Transpor* 


planes 


T = 27-110 




2.1/2 h 






tation, 1971 


20 military 


S - 


M/— 


G/6-7 h 


< 10-120 (-) 


TSP 




planes 


T = 165-219 










We^er and 


44 offices 


S - 


N,M/— 


P/2 min 


133 ± 130 


RSP. minus 


Fischer. 1980 








(30 ea) 


(962 peak) 


background level 



•'Active smokers per 100 m^. 
''Grams of tobacco consumed. 

*Some smoking was reported during 9 of the 280 samples. 
''Measured during 24-h periods by the perfluorocarbon tracer tech- 
nique. 

'Some residences had combinations of sources (kerosene heaters, 
wood stoves, etc.) and no cigarette^. 
-^Active smokers density per 100 m\ 



ABBREVIATIONS: 

ach = Air changes per hour 

G = Gravimetric 

M = Mechanical ventilation 

N = Natural ventilation 

NS = No smokers 

O = Optical monitor 

P = Piezoelectric balance 

QCMI = Quality Crystal MicroH-lancf Cosade Impactor 

RSP = Respirable suspended particles 

S = Smokers 

T = Total occupants 

TSP = Total suspended particles 

restr. = building with smoking re^Jrictions 
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Nicotine exhibits many of the properties necessary to serve 
as a potential marker for ETS. It is unique to tobacco smoke, is 
a major constituent of the sinoke, and occurs in environmental 
concentrations that are easily measurable, h has been used as a 
marker for ETS in several studies (Table 2-5). The major problems 
with using nicotine are: (a) the ratio of nicotme [recently found 
to be in vapor phase in ETS (Eudy et al., 1985)] to other ETS 
constituents (RSP, in particular) for a variety of brands of tobacco 
is not known, (b) the reactivity rate (removal rate) of nicotine 
relative to other ETS constituents is not known, (c) particulate- 
or vapor-phase nicotine once deposited on surfaces may be re- 
emitted, and (d) until recently sampling methods for nicotine 
have not been efficient in collecting total nicotme (both vapor and 
particulate phase). Two new air-sampling methods for nicotine 
(Muramatsu et al., 1984; Hammond et al., in press) hold promise 
for obtaining total nicotine concentrations with the sensitivity and 
accuracy required tor environmental air monitoring. 

A number of aromatic hydrocarbons (benzene, toluene, benzo- 
[ajpyrene, pyrene, etc.) have been measured in field studies 
(Galuskinova, 1964; Just et al., 1972; Perry, 1973; Elliot and Rowe, 
1975; Badre et al., 1978) investigating the impact of smoking on 
indoor air quality. Many of these a^> contaminants have other 
importi^nt sources, '^idoors and outdoors, that make measured 
levels difficult to interpret. Therefore, the aromatic hydrocarbons 
generally arc* poor indicators of ETS alone. Conl oiled chamber 
studies that elevate the variability of emission of the compounds 
from a variety of brands of tobacco have not been carried out, and 
the ratios of ^jhese compounds to categories of ETS contaminants 
(for instance, RSP) have not been established. 

Tobacco-specific nitrosamines and nitrogen oxides (Tables 2-6 
and 2-9), acrolein and acetone (Table:: 2-7 and 2-8), and polonium- 
210 have been measured as indicators of ETS. The low envivcn- 
mental concentrations, existence of other sources, reactivity of the 
tracer contaminants, and lack of data on the ratios of these con- 
taminants to ETS contaminants for a variety of brands of tobacco 
limit their usefulness as indicators of ETS in indoor spaces. 

Research efforts need to be directed toward identifying a tracer 
or proxy air contaminant for ETS that meets the four criteria out- 
lined above. At present, PSP is widely used as general measure 
of ETS exposure indoors, particularly if the measurements are 
limited to locations where the levels of RSP from othe sources 
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are known and present at a low background concentration. The 
variabUity of RSP emissions for a number of brands of cigarettes, 
however, has yet to be evaluated. 

PERSONAL MONITORING 

Measurements of concentrations of air contaminants in the 
immediate breathing zone of an individual piovide information 
on personal exposure. Personal monitoring can be accomplished 
with active samplers that integrate concentrations across a va- 
riety of locations or conditions using filters or vapor traps with 
subsev^uent laboratory analysis. Continuous portable monitoring 
instruments are available but have not been v.'* ..oly used. Particles 
are measured by light-scatterin; principles or frequency change 
as mass is deposited on a vibrating qucirtz crystal. For the most 
part, gases are measured using IR absorption or electrochemicd 
reactions. Continuous-recording instruments have been utilized 
more for characterizing microenvironments than for direct mea- 
surements of personal exposures. Passive personal monitoring 
utilizes diffusion and perme^^tion to concentrate gases on a collec- 
tion medium for subsequent laboratory analysis. E«;th active and 
passive oionitors have been employed in assessing an individual's 
total exposure to individual or general categories of air contam- 
inants. A discussion of the type, application, and usefulness of 
passive monitors to assess air contaminant exposures can be found 
in EUiott and Rowe (1975) and Wallace and Ott (1982). 

A relatively small number of studies have utilized personal 
monitors to determine tota^ exposures to ETS (^^uramatsu et 
al., 1984; Schenker et al., 1984; Sexton et al., 1984; Spengler 
et al., 1985; Hanmiond et al., in press). In one study (SpengW 
et al., 1985) indoor (residential), outdoor, and personal 24-hour 
concentrations of RSP (measured in this study as particles with 
c 50% cut point of 3.5 fxm) were obtained for a sample of 101 
nonsmoking individuals living in P^anc County, Tennessee. In the 
sample, 28 of those monitored reported some exposure to ETS in 
either the home or workplace (nonindustrial), while 73 repoioed no 
such exposure. Each participant was sampled on 3 nonconsecutive 
days. Personal exposures to respirable particles for the subgroup 
exposed to ETS and the subgroup not exposed to ETS ar? shown 
in Figure 5-1. Personal exposures to RSP were dominated by 
indoor levels of ETS. Those reporting passive smoke exposure had 
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FIGURE 5-i Cumulative frequency dbtributions of RSP concentrations 
from central site ambient and personal monitoring of smoke-exposed and 
nonsmokc-exposed individuals. Reprinted with permission from Spengler et 
a'h (1985). 



mean personal respirable particulate levels 28 /xg/m^ higher than 
those without passive smoke exposure. Particulate levels for those 
exposed to ETS showed a large variation, with approximately 25% 
of the personal samples having RSP levels in excess of the EPA 
ambient standard for outdoor total suspended particles. The EPA 
standard, however, includes particles up to approximately 50 fjim 
and does not specify chemical composition. A direct comparison 
with the EPA standard requires a consideration of average time 
exposed as well as concentration. 

Sexton et al. (1984) conducted 24-hour personal monitoring 
for RSP for 48 nonsmoking individuals for 24 different residences. 
Sample were collected every other day, for a 2*week period, during 
a heating season in Vermont. Those individuals reporting exposure 
to ETS for more than 2 hours per day had RSP levels 18.4 /xg/m^ 
higher than those who reported no exposure (50.1 Jm^ versus 
31.7^g/m3). 

In demonstrating ^ new method for the t:ollection and analy- 
sis of nicotine in air, one study (Muramatsu et al., 1984) obtained 
personal-monitoring samples of nicotine for one nonsmoker in 53 
nonindustrial indoor microenvironment' including offices, houses, 
restaurants, cars, buses, etc. The samples were collected ever a 
1-hour to 8-hour time period in each space and were specific for 
nicotine. A wide range of nicotine concentrations wer^ reported. 
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from 1*76 Mg/m^ in a laboratory to 83.13 /xg/m^ in a car. It is dif- 
ficuk to interpret these results in terms of an integrated exposure 
for a large segment of the population, since the sampling scheme 
did not explicitly provide population estimates of exposure — that 
IS, personal samples were obtedned on a microenvironment basis 
for only one individual. Lacking good data for the ratio of total 
nicotine to RSP in ETS, it is difficult to estimate the RSP exposure 
levels. The data, however , do demonstrate that the variabilktv of 
nicotine concentrations and the occurrence of high concentrations 
of other ETS components can be found in various microenviron- 
ments. 

In an epidemiologic study of the health effects of diesel ex- 
haust on railroad workers (Schenker et al., 1984), which included 
a control group of railroad office workers who were not exposed to 
diesel exhaust but were exposed to ETS, ETS was recognized as 
an important component of the respirable particulate exposures. 
Hammond et al. (in press) used a newly developed air-sampling 
and analytical method for measuring total nicotine in collected 
RSP personal samples to determine the contribution of ETS to 
the RSP levels measured. Their results indicated that the major 
portion of the office workers' RSP exposure is due to ETS. Ratios 
of nicotine to RSP for a variety of brands of tobacco need to be 
established before absolute ETS exposuros can be assessed. 

Personal monitoring can provide a useful measure of an indi- 
vidual's exposure to an air contaminant or class of contaminants 
over a period of several hours co several days. The usefulness of 
personal monitors for assessing ETS exposure would be greatly 
enhanced it the personal monitor were passive in nature and in- 
expensive. Personal and portable monitors, however, need to be 
evaluated to determine their usefulness in establishing ETS ex- 
posures associated with long-term adverse health outcomes, such 
as cancer. They may be useful in establishing ETS exposures, in 
a background of confounding air contaminants, associatad with 
short-term effects. 

A variety of sample collection and analysis methods has been 
used to monitor individual constituents and categories of contam- 
^ inants found in ETS for both personal monitoring and air mon- 

itoring of spaces. While this report does not offer a review and 
evaluation of the monitoring methods that have been employed 
and are available, it should b3 clearly noted that the specificity 
and sensitivity of the measurement method must be evaluated to 
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assess the uncertainties in the measured concentrations. The con- 
stituents of ETS will exhibit a pronounced sp'^tial and temporal 
distribution in an indoor space and among indoor environmcats, 
due to variations in smoking rates and bui-Jing characteristics. 
In interpreting measured concentrations of ETS constituents, one 
must recognize the potential for pronounced spatial and temporal 
variations. 

Concentrations op 
emtronmental tobacco smoke 

IN INDOOR ENVIRONMENTS 

Various Enviromnental Tobacco Smoke Constituents 

There is a sizable body of literature reporting on measure- 
ments of various constituents (acrolein, aromatic hydrocarbons, 
carbon monoxide, nicotine, etc.) of ETS in a variety of microen- 
vironments. These studies have reported a wide range of con- 
'•^ntrations of ETS-related air contaminants under conditions of 
normal space use (Tables 2-4 to 2-9). However, the majority of the 
measurements are of very limited use in assessing actual human 
exposures to ETS for a large segment of the population for the 
following reasons: 

• the representativeness of the air contaminant measured to 
the total ETS in the space is unknown; 

• the proxy air contaminant measured may have a variety of 
other potential sources that were not accounted or controlled for; 

• data were not collected on smoking rates or numbers of 
smokers; bad 

• important building characteristics such as infiltration or 
volume were not recorded. 

While these studies have indicc^ted the range of concentrations of 
several ETS-related air contaminants that can be found indoors, 
they do not provide a sufficient basis on which ETS indoor expo- 
sure estimates can be made. 

Particulate Levels and Smoking Occupancy 

The most extensive and suitable data base for modeling ETS 
is the RSP (<2.5 /xm) associated with ETS. This RSP comprises 
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FIGURE 5-2 Monthly mean RSP concentrations in six U.S. cities. Re- 
printed with permission from Spengler (1931). 



a major general category of ETS contaminants and is produced in 
concentrations that are easily measured in occupied spaces where 
smoking occurs. 

In a survey of more than 80 homes in six U.S. cities (Spengler 
et al., 1981), 24-hour gravimetric samples of IvSP were collected 
every sixth day for up to 2 years in stationary san.^.lers in each 
home and outdoors. The resulting data (monthly RSP means) 
aggregated by the number of smokers ar"^ shown in Table 5-1 and 
Figure 5-2. Homes without smokers exhibited RSP levels roughly 
equal to outdoor levels and followed outdoor trends. The presence 
of just one smoker in a home had a pronounced impact on RSP 
levels. Using regression analysis, the authors estimated that the 
'-^pact on overall average RSP levels in a residence of a pack-per- 
aay smoker was approximately 20 /ig/m^. The impact of smoking 
in a home with central air conditioning was effectively doubled, 
presumably due to reduced air exchange. 

Table 5-1 presents the range of RSP levels measured in a 
variety of indoor microenvironments for smoking and nonsmok- 
ing occupancies. It also indicates whether direct measures of the 
variables necessary for the model outlined in Equation 5-1 below, 
ox* necessary to explain the RSP levels measured, were recorded. 
These variables include, among others, ventilation, mixing, re- 
moval by surfaces, and smoking occupancy. Outdoor levels of 
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RSP or total suspended particulates are generally lower than or 
equal t adoor levels in homes without smoking. 

Smoking occupancy is strongly associated with elevated levels 
of RSP in a variety of indoor microenvironments at levels well 
abo^e outdoor concentrations and indoor concentrations where 
there is nonsmoking occupancy. However, few studies have directly 
recorded the data on the parameters that are necessary to validate 
models for predicting RSP levels due to smoking occupancy (see 
section below). Even so, using a number of assumptions, data in 
Table 5-1 have been used for model validation by some studies 
(Repace and Lowrey, 1980, 1982). 

MODELING 

The process of assessing exposure and attributing it to vari- 
ous microenvironments requires knowledge of the time individuals 
spend in such microenvironments and the typical air-contaminant 
levels (average and peak) occurring in them. The nature of the 
health or comfort effect under study determines the time-average 
concentration of concern. A number of microenvironments have 
been identified (Moschandreas, 1981), and cime-budget surveys 
have shown that most individuals spend more than 90% of their 
trae indoors, that is, in residential, industrial, and nonindustrial 
occupational environments (Szalai, 1972). The indoor residential 
and nonindustrial occupational environments represent the major 
microenvironments in which exposure to ETS takes place. 

Tobacco combustion is a major source category that affects 
the quality of the air indoors. The air-contaminant concentra- 
tions in an enclosed space resulting from tobacco combustion, 
and hence human exposures, are the result of a complex interac- 
tion of several interrelated variables (figure 4-1), including source 
air-contaminant emission characteristics and source use, building 
characteristics, infiltration or ventilation rates, air mixing, loss 
terms (removal by surfaces or chemical transfonnations), and the 
efficiency of ? *. -cleaning equipment. The interaction of these vari- 
ables in determining the resultant indoor concentrations of ETS 
has typically been evaluated in both controlled laboratory (cham- 
ber and test house) studies and field studies within the theoretical 
framework of the general mass-balance equation (Turk, 1963; Shair 
and Heitner, 1974; Esmen, 1978; Ishizu, 1980; Repace and Lowrey, 
1980; Leaderer et al., 1984). 
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The mass-balance equation may be applied to tobacco smoke 
as either an equilibrium model (time-independent) or a dynamic 
raodel (time-dependent). Equilibrium models rely on the assump- 
vion that many of the input parameters — such as source rates, 
removal or loss rates, and ventilation rates — are constant, even 
though these parameters in actuality may vary considerably in 
time. These models are useful in developing ^j»ir-co!ataminant emis- 
sion factors for ETS in controlled laboratory studies and in as- 
sessing long-term average exposures in given indoor microenviron- 
ments. Dynamic models are usually mora flexible than equilibrium 
models and can provide information on short- term concentrations. 
They may be used to compare the sensitivity of results to varia- 
tions of input parameters. Equilibrium models, when applied to 
field studies of ETS, require average information on the Impact 
variables, while dynamic models require a great amount of de- 
tailed information obtained as a function of time. Dynamic and 
equilibrium models are useful in laboratory studies; equilibrium 
models are best suited to evakating and predicting ETS concen- 
trations in field stu lies, particularly when average concentrations 
over a period of days or longer are of interest. 



Laboratory and field studies typically utilize some form of 
a single-compartment equilibrium model to evaluate the input 
parameters to the mass-balance equation, to evaluate field-study 
data, and to project RSP concentrations from ETS indoors. These 
studies have reduced the general single-compartment mass-balance 
equation to the following simplified form. 



where Ceq is the equilibrium concentration of RSP in a space 
ev^rcssed as micrograms per cubic meter (/ig/m^) due to ETS, 
G is the RSP generation rate from tobacco combustion into the 
space in micrograms per hour (/xg/hour), is the ventilation or 
filtration rate in air changes per hour (acA), is the loss rate of 
RSP due to surface removal in a space in air changes per hour, 
V is the volume of the space in cubic metr 3 (m^), and )r is the 
mixing rate expressed a? a fraction. The above model assumes nc 
air-cleaning devices, either in the space or recirculated air. 



Equilibrium Models for RSP 
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Under laboratory conditions, the input parameters can be 
controlled ind evaluated. In conducting field studies or in esti^ 
mating past RSP levels indoors, the values on the right side of 
Equation 5-2 h?»ye to be determined from available data. It should 
be emphasized that this equation assumes equilibrium conditions, 
and, to the extent that any of the generation or removal terms 
are intermittent (e.g., smoking rate) or variable (e.g., ventilation 
rate), errors are introduced. 

Generation Rate 

The generation rate of RSP for ETS is a function of the number 
of cigarettes smoked and the emission rate of RSP per cigarette. 
Few studies have investigated the RSP emission rate for SS plus 
exhaled MS, i.e., contributions to ETS. One recent study (Rick- 
ert jt al., 1984) examined sidestream and mainstream emissions 
of tar, nicotine, and carbon monoxide in 15 brands of Canadian 
cigarettes with a range of advertised mainstream tar deliveries 
(0.7 to 17.0 mg tar/cigarette). The experiments utilized a single- 
port smoking machine and collected mainstream emissions and 
sidestream 3missions, from a small chamber, onto Cambridge fil- 
ters. The subsequently measured sidestream emissions of tar were 
found to average 24.1 mg/cigarette with a range of 15.8 to 36.0 
mg/cigarette. These emissions were independent of mainstream 
emissions, which averaged 11.4 mg of tar per cigarette with a range 
of 2.5 to 19.4 mg/cigarette. Sidestream emissions were higher for 
ventilated brands. 

RSP emission rates were developed for 10 brands of U.S. 
cigarettes with rated tar deliveries from 1.0 to 23.0 mg and for one 
standard cigarette (University of Kentucky #1R3F). The study 
(B.P. Leaderer, S.K. Hammond, and T. Tosun, personal commu- 
nication) utilized a 34-m^ chamber in which the cigarettes were 
smoked by occupants at a prescribed rate in an effort to create 
realistic environmental conditions. RSP measurements were made 
over a 4-hour period during equilibrium conditions via collection 
of well-mixed room air on filters with subsequent gravimetric anal- 
ysis. RSP emission levels were found to range from 18.0 to 35.4 
mg/cigarette, with an average of 26.9 ± 4.8 mg/cigarette. 

Three brands of British cigarettes (very low tar, 1.5 mg; low 
tar, 12 mg; and medium tar, 18 mg) were evaluated for both 
mainstream and sidestream emissions of tar (U.K. Government, 
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1980). The average RSP sidestream emission rate measured was 
24,5 mg/cigarette, with a range of 23,0 to 26,4 mg. This study 
utilized a small test chamber and a smoking machine. The emission 
by-products were collected onto Cambridge filters. 

Only one study (Hoegg, 1972) reports mainstream and side- 
stream RSP levels for cigarettes prior to 1970, This test chamber 
study reported a sidestream particle emission rate of 25,8 mg/cig- 
arette and mainstream particle emission rate of 36.2 mg/cigarette 
for one brand of cigarette. 

Current dhtzL would suggest an overall RSP emission rate from 
ETS in the ranj^e of approximp^tely 20 to 36 mg tar/cigarette. 
An accurate estimate of an average emission rate for modeling 
purposes rei^ lires the weighing of the above emission data by the 
sales-weighted average cigarette brand sold. Data are not avulable 
to estimate the historical trend, if any, in the RSP emissions for 
ETS, 

Equation 5-1 assumes a constant, or near constant, source 
emitting over a sufficiently long time period to reach and mwntain 
equilibrium conditions. In controlled experiments a constant rate 
of tobacco combustion is easily obtained. In practice, however, 
tobacco combustion rates in terms of numbers of cigarettes con- 
sumed over some period of time in different indoor environments is 
variable. In the absence of detuled data on cigarette consumption 
in a space, such as number of cigarettes smoked, time smoked, to- 
tal weight of tobacco consumed, etc., estimates are required. For 
example, one smoker in a household smoking at a national average 
rate of two cigarettes/hour and 10 minutes/cigaretle constitutes 
an intermittent source [(j(t)(ft]. A continuous source would be 
the smoking of six cigarettes/hour. Using a 26-mg/cigarctte emis- 
sion rate, the estimated total RSP emissions from the intei'mittent 
source, i.e., 52 mg/hour, would be represented as being emitted 
uniformly over a 1-hour period for the full averaging time consid- 
ered. In large occupied spaces where smoking is permitted, such as 
nonindustrial occupational environments, estimates (Bridge and 
Com, 1972; Jaffe, 1978; Repace and Lowrey, 1980) would indicate 
that, at any given time, 11% of the population would be smoking 
(one-third of the U.S. population are smokers, who ai ^ smoking 
at the rate of two cigarettes/hour and 10 minutes/cigarette). This 
would constitute a continous source. In practice, the smoking rate 
is probably highly variable in time. The RSP emissions from this 
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example would also be averaged over time to produce uniform av- 
erage emission rates per hour. For the estimation of equilibrium 
conditions in Equation 5-1, G = NE^ where N is equal to the 
number of cigarettes consumed per hour in a space and E is the 
number of milligrams of RSP emitted into the environment per 
cigarette. The assumption of a continuous source introduces errors 
in the estimated RSP concentration. 

It is also important to note that the equilibrium model assumes 
that the source will be emitting contaminants over a sufficiently 
long period of time to achieve balance with the removal mecha- 
nisms (ventilation, removal by surface*?, and air cleaning). If Ct is 
the concentration at time t (in hours) '^hen: 

Ct^C,,{l^c-'% (5.2) 

where Ccq is the equilibrium concentration and N is the effective 
removal rate (A^ == n„ + n,). If the tctal impact of the removal 
rate, i.e., ventilation plus loss to surfaces, is equivalent to one 
achy 65% of the equilibrium concentration would be obtained in 
2 hours. Thus, to the extent that the source emissions do not 
combine over long periods of timo, the equilibrium concentration 
will not be reached an^. maintjuiied, introducing errors into the 
estimated or modeled RSP. 

Ven tilation/Infiltra tion 

The supply of fresh bit to a space by ventilation (air supplied 
by mechanical systems) or by infiltration (uncontrolled movement 
of air through cracks and unintentional openings in the building 
envelope) serves to reduce the levels of air contaminarts generated 
by an indoor source. 

Building codes adopted and enforced by local, state, and fed- 
eral government agencies generally specify minimal acceptable 
ventilation criteria to be maintained in buildings. Theee codes 
are usually derived from standards that have been promulgated 
by authoritative bodies (American I^dtional Standards Institute, 
^anerican Society of Heating, Refrigerating and Air-CondiUoning 
Engineers, etc.). These standards are usually developed by con- 
sensus and are generally voluntary until adopted by municipal oi 
state jrovernments. The studies of Yagiou et al. (1936) formed 
the basis of minimum required ventilation rates that persisted un- 
til 1979. These studies reported ventilation rates (fresh odor-free 
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air) in cubic feet per minute per person (cfm/person) necessary 
to provide an acceptable odor environment. They found that, as 
occupant density m^reased, so did the required cfm/person venti- 
lation rate. Because of the odor level, smoking occupancy required 
significantly more ventilation air. A minimum ventilation rate of 
approximately 10 cfin/person for nonsmoking occupancy and an 
occupant density of 400 ft^/person was recommended. Prior to 
1936, minimum recommended ventilation rates were as high as 30 
cfm/person. 

In 1973, the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) adopted &nd published 
Standard 62-73 (Standards for Natural and Mechanical Venti- 
lation)* This standard recommended ventilation rates for vari- 
ous residential and commercial spaces on an occupancy-density 
basis. In 1981, ASHRAE adopted Standard 62-81 (Ventilation 
for Acceptable Indoor Air Quality), which also recommended 
ventilation rates for various residential and commercial spaces 
on an occupancy-density basis but distinguished between smok- 
ing and nonsmoking occupancy. Modai ventilation rates in this 
standard equaled 35 cfm/occupant for smoking occupancy and 7 
cfm/occupant for nonsmoking occupancy. 

As noted in Equation 5-1, ventilation rates oie incorporated as 
aek. ASHRAE 62-73 reconmiended from 15 to 25 cfin/person for 
general ofiice space with an estimated 10 persons/1,000 ft^ density, 
while ASHRAE 62-81 recommended 20 cfm/person when smoking 
is permitted and a 5-cfm/person minimum for nonsmoking occu- 
pancy with an estimated 7 persons/1,000 ft^ density occupancy. 
Assuming full occupancy and an 8-ft ceiling, ASHRAE 62-73 ven- 
tilation rate ranges are 1.13 and 1.9 acA, while ASHRAE 62-81 
recommends a rate of 1.3 ach for smoking occupancy and 0.26 ack 
for nonsmoking occupancy. When considered on a space-by-space 
basis for commercial or residential environments as recommended 
by either ASHRAE 62-73 or ASHRAE 62-81, the ach rates vary 
considerably, depending on the use of the space and whether smok- 
ing is permitted. 

In estimating acA's for inputs into Equation 5-1, to assess 
either current or past RSP concentrations in occupied space due 
to ETS, the following points should be kept in mind: 
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• There are no data to indicate the current or past distribu- 
tion of acA's currently are or have been in a variety of commercial 
spaces in which smoking is or has been permitted. 

• Air-exchange rates are calculated from cfm/person rates 
specified in the standards for full occupancy. To the extent that 
occupancy is less than or greater than the designed figure, the 
cfm/person could be significantly different. 

• Ventilation codes are equivalent to design standards. In ac- 
tual practice, the heating, ventilation, and air-conditioning 
(HVAC) system may not operate as designed. Interior alterations, 
modifications in occupancy, maintenance, and repair of equipment, 
and operator practice can significantly affect the performance of 
the HVAC system. 

Air-infiltration values in housing are induced by differences 
in pressure across the structure envelope. Limited data exist to 
indicate what the current past distribution of air-exchange 
rates in houses in the United States are or what the intra- or 
interseasonal variations are. One study of seasonal infiltration 
rates of 312 houses in North America (Grimrsud et al., 1982; 
Figure 5-3) found a median value of 0.5 ach. This study was based 
on new energy-efficient houses. Another study (Grot and Clark, 
1979; Figure 5-3) of 266 low-income houses in North America 
found the median seasonal air-exchange rate to be 0.9 ach. Air- 
infiltration rates for both studies were taken without occupants in 
the houses. Normal activities of occupants would add an average 
0.10 to 0*15 ach to the values reported in these two studies. 

Ventilation or infiltration rates in conmiercial and residential 
buildings can vary by an order of magnitude among and within 
buildings, season to season and within a season* Unfortunately, 
there are few data available that would allow for an su:curate 
estimate of the distribution of air-exchange rates in commercial 
and residential spaces currently or over the peust several years. A 
range of 0*4 to 1.5 ach would seem reasonable. 

Removal by Surfaces 

Next to ventilation, the major mechanism for removal of sus- 
pended particulate matter is surface deposition. Surface deposi- 
tion of particles mdoors is a function of several variables, including 
particle size and composition, temperature, humidity, type and 
quantity of surface material in a room, surface-tovolume rates. 
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FIGURE 5-3 Histograms of infiltration values in two different samples of 
North American housing, (a) Average seasonal infilitration of 312 recently 
constructed houses; the median value is 0.5 air changes per hour (acA). 
Reprinted with permission from Grimsrud et al. (1982). (b) Average seasonal 
infiltration of 266 older low-income houses; the medi;.n is 0.9 ack. Reprinted 
with permission of Grot and Clark (1979). 



and turbulence. In laboratory studies under conditions of ideal 
mixing, surface-deposition rates (h~^) for ETS were found to vary 
from an equivalent 0.1 h"^ to 1.8 h"^ (Leaderer et al., 1986). 
The greater the degree of turbulence introduced into the chamber 
and the higher the surface-to-volume ratio, the higher the surface 
deposition. 

One recent chamber study evaluated the importance of ma- 
terials (rugs, wall paper, and painted wall board), surface area of 
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materials, temperature, humidity, and turbulence on the deposi- 
tion rate of RSP generated by tobacco combustion under condi- 
tions of ideal mixing (Leaderer et al., 1986). In these experiments, 
the deposition rate of RSP was determined by monitoring the de- 
cay of RSP and carbon dioxide (injected into the chamber) under 
the experimental conditions examined. The difference between 
the RSP and carbon dioxide (nonreactive tracer gas) represented 
the RSP deposition rate. This study found the most pronounced 
impact on deposition m this chamber to be the air-recirculation 
rate (fresh-air-ventilation rate held constant) or turbulence. The 
type and quantity of material, temperature, and humidity were 
also found to impact particle deposition m a significant way. The 
results of this study indicate that a particle deposition rate of 
0.2 to 0.8 h"^ for ideal mixing might typically be encountered in 
occupied spaces. 

Aftxm^ 

Once released into an enclosed space, air contaminants move 
through it by dispersion. Dispersion determines where the high 
and low concentrations of the contaminant will occur. Dispersion 
is controlled by diffusion, which is the movement from areas of 
high to low concentrations, and by mixing^ which is the movement 
of air in the space. When ideal mixing occurs in a space, i.e., m = 
1 in Equation 5-1, no spatial gradient of an air contaminant like 
RSP exists, and the full effectiveness of ventilation and sink rates 
in removi the contaminant is seen. In controlled laboratory 
studies, idt il mixing is easily obtained through the use of mixing 
fans or the rapid recirculation of the air. In occupied spaces, 
however, ideal mixing is hardly ever obtdned unless a great deal 
of turbulence is introduced to the space and the supply- and 
exhaust- air system is carefully designed. Less than ideal mixing 
can result in a pronounced concentration gradient of a contaminant 
in tiie space. The ventilation rates and removal by surfaces under 
those conditions are not as effective in lowering air-contaminant 
levels. The mixing term is usually defined as the ratio of effective 
ventilation to theoretical ventilation. 

In an occupied space, the value of the mixing factor is affected 
by the source ard its use, room geometry, air supply and exhaust 
design, air-flow rates, obstacles in a rcom, and activity of the 
occupants. In addition, the mixing factor is specific for a precise 
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location. No data exist that would indicate the distribution of the 
values for the mixing factor in occupied spaces. A limited number 
of studies show a range of mixing factors from 0.1 to near 1.0 
(Brief, 1960; Kasuda, 1976). 

Volume 

The volume of the space in which smoking occurs is highly 
variable. It can range from a few cubic meters in a car to several 
thousriid cubic meters in large auditoriums or sports arenas. The 
highest RSP levels from ETS will tend to occur in smaller spaces 
with high smoking rates. 

Predicting Environmental Tobacco Smoke £xpcsm'e& 
from Tobacco Combustion 

Utilizing Equation 5-1, expected RSP concentrations indoors 
from ETS can be estimated for a range of the input parameters that 
realistically can be expected undet normal smoking occupancy. 
Figures 5-4 and 3r5 allow for the easy calculation of RSP levels 
due to ETS as a function of smoking rate, ventilation, sink rate, 
mixing, and volume of the space (see the example outlined in 
the legends of these figures). The calculations treat the spaces 
of concern (e.g., multiroom home or a single room in a house) 
as a single compartment with no air-cleaning devices. The total 
amount of RSP (in milligrams) from ETS can be determined in 
Figure 5-5 as a function of the smoking rate and effective removal 
rate {N). The removal rate is equal to the sum of ventilation plus 
removal by surfaces times the mixing factor. The total amount 
of RSP calculated from Figure 5-4 is then entered into Figure 5-5 
to determine the RSP concentrations (in micrograms per cubic 
meter) expected for a given volume of space. The calculations 
used to generate these figures assume that: 

• an average total RSP emission rate is 26 mg/cigarette, 

€ the emissions are nearly consistent and averaged over a 1-h 
period, 

• near steady-state or equilibrium conditions are reached 
quickly, 

• no air-cleaning devices are in use, 

• background levels of RSP in a space are zero, and 
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FIGURE 5-4 Diagram for calculating the RPS mass from ETS emitted into 
any occupied space as a function of the smoking rate and removal rate (N). 
The removal rate is equal to the sura of the ventilation or infiltration rate 
(n„) and removal rate by surfaces (n,) times the mixing factor m. The 
calculated ETS RSP mass determined from this figure serves aj an input 
to Figure 5-5 to determine the ETS respirable suspended particulate mass 
concentration in any spac3 in /xg/m^. Smoking rates (diagonal lines) are 
given as cigarettes smoked per hour. Mixing is determined as a fraction and 
n« and n, are in air changes per hour (ocA). All three parameters have to be 
estimated or measured. Calculations were made using the equilibrium form 
of the mass*balance equation (Equation 5-3} and assume a fixed emission 
rate of 26 mg/cigarette of RSP. 

Shaded area shows the range of RSP emissions that could be expected for 
a residence with one smoker smoking at a rate of either 1 or 2 cigarettes 
per hour for the range of mixing, ventilation, and removal rates occurring in 
residences under steady*state conditions. 
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FIGURE 5-5 Diagram to calculate the ETS RSP concentration in a space 
as a function of the total mass of ETS RSP emitted (determined from 
Figure 5-4) and the volume of a space (diagonal lines). The concentrations 
shown assu'Jie a background level in the space of zero. The particulate 
concentrations shown are estimates during smoking occupancy. The dashed 
horizontal lines (i4, B, C, and D) refer to National Ambient Air Quality 
Standards (health-related) for total suspended particulates est2.blished by 
the U.S. Environmental Protection Agency. A is the annual geometric mean. 
B is the 24-hour value not to be exceeded more than once a year. O is 
the 24-hour air pollution emergency level. D is the 24-hour significant harm 
level. Shaded area shows the range of concentrations ercpected (from Figure 
5-4} for a range of typical volumes of U.S. residences and rooms in these 
residences. 



• a one-chamber model is appropriate. 

In these figures, the RSP-emission rate is assumed constant. 
If, in fact, this rate is variable, then the predicted RSP level will 
also vary. As already discussed, the input parameters to Equation 
5-1 are known to vary greatly under realistic occupancy conditions, 
with few or no data available on the distribution of the values of 
those input parameters. Figures 5-4 and 5-5 highlight the large 
effect that small variations in the input parameters can have on 
the predicted RSP concentration. 
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For example^ for a range of conditions that can be expected 
to be encountered in private residences with one smoker (shaded 
areas in Figures 5-4 and 5-5), RSP levels in residences or public 
places during smoking occupancy can vary by more than two or- 
ders of magnitude from approximately 17 to 5,000 /xg/m^. This 
example assumes one smoking resident smoking at a rate of either 
one or two cigarettes/hour. Relatively easy-to-obtain information 
on some of the input parameters, such as building volume or typical 
smoking densities, obtained through questionnaires or observation, 
can serve to significantly reduce the range of estimated exposures. 
It is also clear from Figures 5-4 and 5-5 that, for the vast majority 
of conditions, RSP levels due solely to ETS can be expected to 
equal or exceed levels specified in National Ambient Air Quality 
Standards for the total suspended particulates (Code of Federal 
Regulations, 1985). These standards are health-based and reflect 
different averaging times as well as levels of exposure. Direct com- 
parison of exposures with the standards requires consideration of 
particle size, concentration, and time. The physical and chemical 
nature of the peurticulate matter resulting from tobacco smoke is 
different from particulate matter observed outdoors in ambient 
air. These different particulate matters no doubt have different 
biological effects. Therefore, direct comparisons of exposures to 
outdoor standards should be made with caution. 

Application of Respirable Suspended Particulates Model 

The most extensive use of the mass-balance equation for as- 
sessing RSP levels due to ETS in occupied spaces has been by 
Repace and Lowrey (1980). Drawing upon the best available data 
from several sources, including both measured and estimated pa- 
rameters, they proposed and applied in field observations a con- 
densed version of the mass-balance equation for estimating RSP 
exposures due to ETS in a variety of indoor microenvironments. 
Their model is 

Ccq = 650i?,/nu, (5-3) 

where G^^ is the equilibrium of concentration of RSP due to ETS 
expressed in micrograms per cubic meter, is the density of 
active smokers expressed as units of burning cigarettes observed 
in a space per 100 m^ over the sampling time frames, and is the 
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ventilation or infiltration rate in ach. The constant term (650) is 
calculated from a standard set of assumed conditions for smoking 
rates, RSP emission rates, mixing factors, ventilation rates, and 
sink rates. These standard sets of con^'Hions are derived largely 
from experimental data and building sta** 'ards. 

Although many of the input parameters were estimated from 
the literature, which is based on limited experimental data, Repace 
md Lowrey (1980, 1982) applied Equation 5-3, or similar equa- 
tions, to a variety of situations and found that they produced 
reasonably accurate estimates in a limited number of occupied 
spaces with smoking occupancy. Apparently, easy-to-obtain data 
on building volumes, design occupancy, smoking occupancy, type 
of ventilation systems, and building standards can improve the 
prediction of RSP concentrations. In using Equation 5-3, the ma- 
jor assumptions deal with mixing, ventilation rates, and sink rates. 
Additional field testing of the Repace and Lowrey model, as well as 
a better understanding of the variability of the input parameters, 
either estimated or measured for use in Equation 5-3, is needed. 

SUMMARY AI^ID RECOMMENDATIONS 

In investigating the adverse health and comfort impact of air 
contaminants, it is important to specify the exposure to a specific 
air contaminant or a class of air contaminants on the time scale 
corresponding to the health or comfort effect being evaluated. Ac- 
curate data on exposure is essential to minimize misclassification 
of exposure in epidemiologic studies of air contaminants. In the 
absence of an indicator of the dose of the contaminant, target tis- 
sue exposures may be estimated by use of biological markers, by 
personal monitors, or by the air monitoring of microenvironments 
in which people spend time combined with time activity patterns. 

ETS is comprised of several thousand chemicals in both the 
gas and particulate phases. While several individual constituents 
of ETS have been measured in a number of microenvironments as 
a proxy for ETS (nicotine, CO, acrolein, etc.), none have met all 
of the cnteria necessary for a suitable proxy, nor has an individual 
contaminant been uniformly accepted or recognized as represent- 
ing ETS exposure. New methods of measuring nicotine in air hold 
promise for using nicotine as a suitable proxy for ETS, but consid- 
erable development and testing need to be done. The single largest 
component of ETS by weight is the RSP, which refers to particles 
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less than 2.5 and is highly variable in chemical composition. 
The RSP fraction of ETS is currently the best and most-utili2ed 
general category of air contaminants to represent ETS exposure. 

A limitel number of studies that employed personid monitors 
to measure totnl RSP found that individuals who reported being 
exposed to ETS were exposed to RSP concentrations consistently 
greater than those who reported no exposure. Furthermore, the 
distribution of RSP concentrations varied widely (from 10 /ig/m^ 
to more than 200 fig/m^). The limited number of samples, lade of 
data on the environments where the exposure took place, and lack 
of a specific proxy for ETS do not permit accurate estimation of 
the ETS exposure or extension of the data to a larger population. 
They do indicate, however, that individuals who report exposure 
to ETS will have greator RSP exposures than those who do not* 

M^aaurements of RSP levels in various indoor environments 
(residences, offices, restaurants, bars, bowling alleys, airplanes, 
arenas, etc.) have clearly snown that RSP levels will be consider^ 
ably above background levels (outdoor levels or nonsmoking levels) 
when smoking is reported in the space. 

Modeling of RSP concentrations due to ETS in any indoor 
environment usually utilizes a simplified form of the mass-balance 
equation. These models are typically single-chamber models that 
assume i^iceady-state cr equilibrium conditions to estimate RSP 
levels and require as input parameters an RSP-emission rate for 
tobacco combustion, number of cigarettes consumed, ventilation 
or infiltration rates, removal rates by surfaces, air mixing in the 
space, and volume of the space. Information on the current or past 
distribution of these input parameters in the range of microenvi- 
ronments in which individuals spend the majority of their time 
(residences, offices, etc.) is not available. The variability of one 
or more of the input parameters can make a niifference of as much 
as an order of magnitude in the estimated RSP concentration. 
Additional variability in the estimated RSP levels is introduced to 
the extent that the equilibrium assumptions do not hold (i.e., an 
intermittent rather than continuous source). 

Gathering data on easily measured input parameters such as 
smoking rates or volume can substantially reduce the variability 
of the estimated RSP levels. Limited field tests of the generd 
equilibrium model, in which some of the input parameters were 
measured and others were estimated either from chamber studies 
or building codes, have predicted RSP levels reasonably well over a 
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wide n iigc of values of input parameters. While the predicted level 
of RSP exposure due to ETS may be highly variable using models, 
it is clear from the models that, even using the most conservative 
estimates for the input parameters, RSP levels when smoking 
is allowed will result in substantial increases over nonsmoking 
occupancy RSP levels. This is consistent with the concentrations 
measured through personal monitoring or area monitors in various 
microenvironments. 

What Is Known 

1* Various individual chemical constituents of ETS have 
been measured in indoor spaces as proxies for ETS, but their suit- 
ability as proxies for ETS exposures has not been well established, 

2, The total RSP, measured by personal monitors, has been 
found to be elevated for individuals who reported being exposed 
to ETS as compared with those who reported no exposure* 

3, The distributions of RSP measured by personal monitors 
and by portable monitors vary widely. However, levels of RSP 
measured in various indoor environments have clearly shown that 
RSP levels will be considerably above background levels when 
smoking is reported in the space, 

4, Limited field tests of the mass-balance, gencral-equf/lib- 
..um model in which some of the input parameters are measured 
and others are estimated have predicted RSP levels reasonably 
well over a wide range of values of input parameters. 

What Scientific Information la Missing 

1, There is a lack of data on the environments where mea- 
surements have been taken. Consequently, an accurate estimate 
of the ETS exposure or extension of the data to a large population 
based upon present data may not be possible, 

2, A suitable proxy or tracer air contaminant is not avail- 
able for total ETS exposure. Nicotine may be a good indicator for 
exposure to the vapor phase. However, the relative proportions of 
various constituents of ETS in the particulate and vapor phases 
need further study to determine the extent to which a tracer for 
one phase can be used to infer exposure to the other phase, 

3, Information on current or past distributions of the input 
parameters for the mass-balance models of RSP concentrations is 
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not available for a range of microenvironments in which individuals 
spend the majority of their time. 

4. When levels of various constituents of ETS are measured 
in field situations, data should be gathered on input paran^eters 
such as smoking rates or volume so that a detailed field evaluation 
of the equilibrium model can be made. 

5. ETS exposure in epidemiologic studies needs to be im* 
proved. Questionnaires must be validated. Personal and microen- 
vironmental monitoring studies should be conducted to determine 
the predictive value of various exposure assessment methodolo' 
gies. This might be achieved a? part of a nested design in a larger 
epidemiologic study. 

6. The variability of RSP .uissions into the environment 
&nd the relationship between vapor and particulate phases need 
to be investigated for a variety of brands of tobacco. 
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Assessing Exposures to Environmental 
Tobacco Smoke Using Questionnaires 



The active component(s) of environmental tobacco smoke 
(ETS) associated with various health effects may be different 
for acute and chronic outcomes. Also, the mechanisms of ac- 
tion differ. Furthermore, as discussed in Chapter 2, the relative 
concentrations of various components of ETS change over time, 
i.e., as the smoke ages. Therefore, the use of a single proxy pol- 
lutant, such as respirable particulates, or an indirect measure of 
hTS limits the ability to assef^^ responses to ETS exposure. For 
some investigations, indirect assessment is probably not adequate 
to evaluate health effects for at least two reasons. First, the to- 
bacco smoke components that affiect the health outcome m<&y not 
be related to the indirect assessment in a simple way, e.g., vapor- 
phase-component concentrations cannot be adequately measured 
by particulate-phase components. Secondly, a variety of host fac- 
tors affect the actual dose received so that assessment of exposure 
does not accurately (or completely) represent dose (see Chapter 

A variety of methods is used to estimate individual exposures 
associated with human health effects in industrial and nonindus- 
trial settings. These exposure indicators may be direct — such as 
the use of personal-monitoring data or biochemical measures ob- 
tained by testing body fluids foi llie compound or its metabolites — 
or indirect — such as the use of data from interview responses of 
family members regarding activities of the subject and modeling 
based on environmental monitoring of the ambient or industrial 
setting. The resulting data from direct and indirect indicators of 
exposure can be expressed in quantitative or qualitative terms. 
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The advantages and disc^dvantages of the various exposure mear 
sures used in industrial and norindustrial settings are summarized 
in T^ble 6-1. The issues raised in this table are directly relevant 
to assessing ETS exposure. The use of surrogate measures derived 
from questionnaire responses and the issues resulting from use of 
these measures are discussed in this chapter. 

EXPOSURE HISTORIES DERIVED PROM 
QUESTIONNAIRES 

Questionnaire responses of study subjects orfamily/household 
members are used for two purposes. First, questionnaires are used 
to obtain data on the physical characteristics of each environment 
and the time-activity patterns of the individual in each environ- 
ment. These data can be used with individual monitoring data 
to estimate (usually by modeling) the air-contaminant levels in 
the microenvironment and to estimate time-weighted, integrated 
individual exposures. Second, questionnaire responses provide a 
basis for classification of individuals into broad categories of ex- 
posure based on self (or proxy) reports of exposure to individuals 
who smoke. Questionnaires of the latter type have provided the 
bases for associating ETS to the increased risk of nonmalignant 
and malignant disease. 

There are several major issues in epidemiologic studies of 
health effects of exposure to ETS that rely on indirect measures 
of exposure as derived from questionnaire data. 

First, the assessment of ETS exposures associated with acute 
health effects requires a different approach than that for chronic 
health effects. Acute health effects, such as respiratory infections, 
are manifested shortly after exposure and are of short duration. 
By inference, these health outcomes depend only on exposures in 
the recent past. In contrast, chronic health effects are conditions 
that are associated with long-term exposure to ETS, that is, they 
are manifested after some prolonged period of time and are of long 
duration. In evaluating the association of ETS with chronic dis- 
eases, knowledge about the duration of exposure and the duration 
of time from initial exposure to disease onset is more important 
than the duration of the disease. 

Second, quality of infor;nation obtained by interview or self- 
administered questionnaires may vary among studies and may 
vary for different disease outcomes. For example, the assessment 



TABLE 6-1 . Indicators of Individual Exposure in Industrial and Nonindustrial Settings— Advantages and 
Disadvantages 



Indicator 



Advantages 



Disadvantages 



DIRECT 

A. Biologic monitonng of body fluids 
for the compound and/or its 
metabolites— (ywu/imu/m' (e.g., 
blood level) 



Personal industrial hygiene or 
ambient monitoring, single and 
multiple— ^utf/f/Z/ti/fVe 



1. Identifies exposed individuals 

2. Provides measure of body burden for 
some agents (e.g., metals) 

3. Measures absorption of compound from 
all routes of entry— respiratory, cutane- 
ous, and oral 

4. Gives information a'o'^ut prior exposure 



1. Estimates exposure for individual 
employees 

2. Can be performed easily by the employer 

3. Exposure to multiple compounds can be 
assessed simultaneously 
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1. Many methods still in developmental stages and 
lack validation 

2. May be expensive due to need for specially 
trained personnel ai, J sophisticated equipment 

3. May require concurrent air sampling if exposures 
are not constant 

4. Interpretation may be influenced by variation in 
uptake with physical exertion and interference 
from diet and drugs 

5. Requires careful timing of specimen collection, 
especially for blood samples 

6. Subject consent required to obtain specimens 

7. Lack of population reference values 

1. Requires cooperation of worker or study subjects 
to wear monitoring equipment 

2. Docs not measure body burden 

3. Limited ability to assess multiple routes of expo- 
sure 

4. Gives no information about prior exposures 

5. May not correspond with results of a^ea sanv 
pling 

6. Samples may not reflect "average** work day; 
taking of measurements should consider shifts, 
production, seasons, etc. 



o 

CO 



TABLE 6-1 Continued 



Indicator 



Advantages 



Disadvantages 



C. Employer or other reports of 
exposure to eompound— ^wu/iVa. 
the 



D. Self-reports of exposure to com* 
po u n d—quaii'iaii've 



2. INDIRECT 

A. Biological monitoring 

(1) with ehromosome studies- 
quuutUutive or qualitative 



(2) by measuring changes in bio* 
chemical responses (e.g., elevated 
rate of thioeyanate production in 
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1. Provides details of accidental releases 1, 

2. Can indicate safety procedures/proteccive 2. 
measures 3. 



1. Provides details of accidental releases 1. 

2. Can indicate personal hygiene and safety 2. 
habits 3. 

3. Can obtain chronology of work experience 
with multiple agent exposures 4. 



Data may be incomplete (unreported) 
Exposure quantified subjectively 
Episodic measurement of unusual occurrences 
rather than ''average" workday exposure 

Potential for recall bias 
Employees may be unaware of exposure 
Potential for falsification of exposure for per* 
sonal gain 

Potential for lost to follow-up (missing informa- 
tion) in retrospective studies 



2. Indicates systemic exposure to a mutagen 



I. Identified changes in the genetic material I. Expensive, due to need for specially trained 

personnel and sophisticated equipment 

2. Relationship between changes in mutation rates 
and reproductive outcomes is unknown 

3. Results may be confounded by smoking anO 
environmental factors (e.g., effect of smoking on 
sister chromatid exchanges in lymphocytes; 
radiation effects) 

4. Individual variability in baseline rates 

5. Most chromosomal aberrations arc nonspecific 



Identifies alterations in normal eonstitu* 
ents of body fluids and changes in rate of 
normal biochemical processes 



1. Does not quantify body burden 

2, Results may be confounded by drugs, nutrition, 
and disease 



1 .1. u 



response to cyanide exposure)— 
quantitative or qualitative 



3. Requires understanding of eompound*s metabo- 
lism in body 



B. Area industrial hygiene or ambient 
nion itoring— ^//(///.'//u/m' 



Employer work area assignment 
records (work histories)— 
tive (specific estin.uies may be 
made using job-exposure linkage) 
or quantitative (may be developed 
by using duration of time spent in 
different environments) 



1. Documents coneentration of agent in 
work environment 

2. Variety of measurement techniques avail- 
able 

3. Can be performed easily by the employer 



1. Can provide chronologie work experience 
for duration of exposure 

2. Can indicate exposure to multiple agents 

3. May provide supplementary information 



1. May not correspond with results of personal 
sampling 

2. Measurements have multiple sources of variation 

3. Does not indicate speeific exposure level for 
individual employees 

4. No information about previous exposures 

5. Type of sample taken may be inappropriate for 
health effeets being studied 

1. May be incomplete or may be unavailable 

2. Records not designed for researeh purposes 

3. Presumed exposure by work assignment may be 
based on subjective criteria 

4. Reeord review is time-eonsuming 
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Activity diaries of study subjects, 
recording time spent in different 
microcnvironments 



D. Surrogate (next of kin) interview I. Can obtain information about confound- 



responses regarding work history 
and aetivity history of study sub- 
ject— </hu///u//w* (specific estimates 
made using a job-exposure link- 
age) or quantitative (estimates 
developed using duration of time 
spent in environments) 



ing faetors 

2. Identifies major agents to which exposed 

3. May provide supplementary demographic 
information about employees 



1. Limited by knowledge of emp]oyee*s work 

2. May produce overestimate or underestimate of 
exposure 

3. Time-eonsuming to locate and interview 

4. Lack of validation of data 

5. Differential quality of information by degree of 
kinship 
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of maternal smoking during the first year of life of a child may be 
a much more accurate measure of exposure to ETS related to res- 
piratory illness than a summary history of ETS exposure related 
to lung cancer. Data quality for ETS exposures can be affected 
in major ways by differential and nondifferential misclassification 
of exposure. In Chapter 12, the impact of misclassifying exposed 
subjects as nonsmokers, when they are in fact current smokers or 
ex5mokerSy is discussed. Therefore, it is important to determine 
whether nonsmoking subjects are, in fact, never smokers or cur- 
rently nonsmokers, i.e., exsmokers. Another source of bias is the 
misclassification of exposure among nonsmokers. That is, non- 
smokers who say they have not been exposed may in fact have had 
significant exposures. In both cases, detailed probes are needed. 

Third, the role of major confounding exposures needs to be 
assessed. For instance, occupational exposures to other air con- 
taminants may cause pulmonary disorders. 

Fourth, the evaluation of ETS exposures should attempt to 
assess all such exposures rather than focus solely on exposures 
from smoking by family members (spouse, mother, or father) or 
focus solely on the home environment. An adequate assessment 
of total ETS exposure will necessitate a consideration of exposure 
levels in spc :ific microenvironments — such as home, school, work, 
vehicle, and recreation — and the duration of time an individual 
is exposed in these environments. Developing such a measure is 
complex even for relatively acute health outcomes, such as acute 
cardiovascular, respiratory, or neurotoxic symptoms, for which 
it may be sufficient to estimate recent exposures. Developing a 
comprehensive measure to ETS exposures is far more complex for 
diseases with long induction times, such as cancer and chronic 
obstructive pulmonary disease. The data required for modeling 
a long-term integrated ETS exposure may be far more detailed 
than are available or can be reliably obtained. Further, when a 
surrogate informant is used, that person most likely will be able 
to report on exposures in only some of the microenvironments. In 
this case, it may be unpossible to develop a comprehensive index. 
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EmORONI^NTAL TOBACCO SMOKE 
EXPOSURE DATA FOR STUDIES OF 
ACUTE AND CHRONIC HEALTH EFFECTS 

The acute health efFecto of ETS in children, such as respiratory 
illnesses, have been assessed in the National Health Interview 
Survey (NHIS) by detcrniining smoklag status of one or both 
parents or smoking status of adults in the household (Bonhain and 
Wilson, 1981). In this national probability scrapie of households, 
parental smoking histories and reports of respiratory illness among 
children were obtained at one point in time. By contrast, in 
the Harvard Air Pollution Respiratory ^^ealth Study (Six Cities 
Study), information on current smoking habits for parents and all 
household members who smoke regularly in the homc^ is obtained 
annually to determine amount of cigarette smoking ia the home 
environment to which the children aged 6-13 years are exposed 
(Ware et al., 1984). (In Chapter 11 the assessment of exposure 
to parental smoking in studies of respiratory illness in children is 
discussed in more detail.) 

In studies of chronic health effects in adults, such as cancer, 
exposure of nonsmokers to ETS has been largely determined by 
smoking status of the spouse. Most studies of lung cancer among 
nonsmoking women have relied solely or principally on information 
regardmg smoking status of the spouse to assess ETS exposures, 
with little attempt to corroborate self-reports of exposure to ETS. 

The diflficulties in assessing ETS exposure are similar to diffi- 
culties of assessing occupational exposures (Axelson, 1985). Both 
exposures are complex and variable. The problem of obtaining 
adequate information about ETS exposure might be overcome by 
obtaining data from multiple respondents and by using corrobo- 
rating procedures. However, the conceptual difficulty concerning 
the determination of exposure is unresolved or unaddressed in 
most studies. Exposure to a substan're involves a varying inteii- 
sity over some period of time prior to the development of disease. 
These factors may influence the absorption and distribution of 
an agent in the body as well as the biotransformation and ex- 
cretion of the agent. Therefore, these factors probably influence 
the risk of the health outcome of interest. For exposures extend- 
ing over long periods of time, a simple **cumulative dose'* usually 
is calculated by a time mtegr'^ion of the intensity. The estimate of 
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exposure over long periods of time is expressed as average num- 
ber of cigarettes per day or the calculation of *^pack years." This 
type of measure does not provide for an independent considera- 
tion of latency, does not consider variability in exposure over the 
time period, and represents two components of exposure, one of 
which may be more precisely measured (duration) than the other 
(intensity) (Doll and Peto, 1978). Axelson (1985) describes some 
sophisticated adjustments that have been proposed for weighting 
time periods of exposure to estimate cumulative-dose measures. 

These proposed methods have not been widely adopted, prob- 
ably due to both the complexity of the method as well as the 
recognized limitations of exposure data typically available. The 
more conunon, simplified procedure is to apply an appropriate 
induction/latency period in the analysis of studies of cancer or 
other chronic diseases. This practice suggests, however, that more 
attention be given to identifying the separate effects of late (re- 
cent) exposures versus early (remote) exposures on development 
of various diseases. These effects may also be mediated by the age 
at which the exposures occurred. 

The proposal described by Johnson and Letzel (1984) advo- 
cates a method of assessing exposures to ETS experienced over 
an entire lifetime. The major limitation of thi& approach is that 
it has not been validated. Johnson and Letzel (1984) argue that 
since no objective criteria for lifetime exposure to ETS exists, a 
direct validation of an instrument to assess lifelong ETS exposure 
cannot be obtained. They propose that the instrument be vali- 
dated on a recent time frame, such as 24-hour data. From these 
data the investigators argue by analogy that the method, when 
expanded to a longer time frame, can be regarded as valid. While 
this approach may seem less than ideal, the constraints due to data 
availability and quality emphasize the importance of the type of 
methods development and corroboration illustrated by the work 
of Johnson and Letzel (1984). 



Misclassification of individual ETS exposure may be differ- 
ential (biased) or nondifferential (random). Differential misclas- 
sification would result in a distortion of the estimate of risk in 
either direction, depending on the direction of the misclassifica* 
tion. Nondifferential misclassification would result in a reduction 
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of power in a study, thus making it more difficult to detect a true 
association of exposure with risk of disease. 

One foim of differential misclassification that is a major con- 
cern in studies of ETS exposures is the active smoking status of 
study subjects. This misclassification may be considered differen- 
tial because spouses and children of smokers are more likely to 
be smokers (or have smoked) themselves, even though they are 
reported as "nonsmokers.'' The effects of this differential mis- 
classification are discussed in Chapters 11 and 12. One way to 
minimize this problem is to have multiple questions that probe for 
previous cigarette usage, even if the subject has defined himself or 
herself as a nonsmoker. 

Another form of differential miscla?»3ification is that resulting 
from the biased reporting of exposure to ETS by individuals with 
existing respiratory diseases, such as asthma or chronic bronchitis. 
One might conjecture that individuals with existing respiratory 
diseases may be more or may be less likely to report exposure to 
ETS than individuals without such existing conditions. 

In studies of ETS exposures, information about the smoking 
habits of the subject, family, and household members is obtained 
by interviews with the study subject when available, or by inter- 
view with a family member when the study subject is deceased or 
unavailable. That is, surrogate respondents may be used to collect 
information regarding personal exposures of the study subject. 

The validity of surrogate information in most studies is un- 
certain, and the direction of any potential bias is rarely known 
(Cordis, 1982). The feasibility of this approach for a variety of ex- 
posures and habits has been examined (Pickle et al., 1983). Also, 
several studies have assessed the reliability and validity of surro- 
gate respondents fo?; various kinds of exposures (Rogot and Reid, 
1975; Kolonel et al., 1977; Marshall et al., 1980; Baumgarten et 
aJ., 1983; Humble efe al., 1984; Greenberg et al., 1985; Herrmann, 
1985; Lerchen and Samet, 1986). In all of these studies, agreement 
between self and surrogate responses improves when the amount of 
detail required for the response is decreased. This observation was 
first reported by Rogot and Reid (1975) and subsequently observed 
in studies comparing self versus spouse/surrogate responses. 

Lerchen and Samet (1986) reported perfect agreement of 
cigarette-smoking status (ever/never) as reported by lung can- 
cer cases and their wives, but only 66 (86%) of the 77 wive3 
married to smokers were able to supply complete details about 
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their husbands' cigarette-smoking habits^ In this study, agree- 
ment (expressed as correlation coefficients) was quite good for 
all smoking-related variables, such as age at which the subject 
started to smoke (0.48), total years of smoking (0.91), and average 
number of cigarettes smoked per day (0.44). The mean values^ 
reported by cases and their wives were not significantly different 
for any variable. Overall, the agreement observed for self- and 
surrogate-reported smoking-related information was better than 
the agreement for education, occupation, and dietary information. 

Pershagen and Axelson (1982) aIf>o reported perfect agree- 
ment for smoking status information obtained by interview with a 
close rela^ive (parent, wife, or child) for 14 lung cancer cases when 
information was compared with that obtamed previously by the 
plant physician. Their inquiry was limited to smoker/nonsmoker 
status. Damber (1986) and Pershagen (1984) reported 99% agree- 
ment between reports of close [ atives and hospital records for 
ever/never smoking studies in a sample of 86 patients admitted 
for respiratory disease. The agreement for number of years smoked 
(±5 years) was 74%. 

Other studies have noted additional features of the responses 
from surrogates. The report by Pickle et al. (1983) indicates that 
respondents other than spouse and direct next-of-kin (siblings, 
parents, and children) are more likely to not know relevant in- 
formation. Marshall et al. (1980) demonstrated the increase in 
sensitivity obtained by combining information from two or more 
surrogate respondents, and Herrmann (1985) showed that hus- 
bands reported data for wives as reliably as wives reported expo- 
sures of husbands. 

Recent data from the NCHS Epidemiologic Followup Study 
(NHEFS) in 1982-1984 of participants in the National Health and 
Nutrition Examination Survey (NHANES I) in 1971-1975 provides 
a strong confirmation of these earlier reports (S.R. Machlin, J.C 
Kleinman, J.H. Madans, National Center for Health Statistics, 
personal conmiunication). This analysis is based on a subsample 
of 5,669 individuals with data regarding baseline smoking status 
available from both NHANES I and NHEFS. Agreement rates 
between NHANES I and NHEFS for the 5,029 subject responses 
versus the 640 proxy responses at follow-up are compared (Ta- 
bles 6-2 and 6-3). When smoking status is broadly defined as 
ever/never, the 91% agreement rate for proxy responses compares 
quite favorably with the 95% agreement rate of subject responses 
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[iMlt 6-2) • Similar high agreement is observed for proxy and sub- 
ject responses at follow-up when smoking status is considered as 
current/not current (Table 6.3)* Additional analyses of these data 
to assess the factors associated with agreement between baseline 
and follow-up responses considered age, race, gender of subject, 
typi^ of respondent at follow-up, and smoking status at baseline. 
Estimates of the relative odds of disagreement indicated that only 
the effect of race did not interact with any o* \e other variables 
included in the multiple logistic model Significant two-way inter- 
actions were observed for type of informant and age of subject, 
bsseline smoking status and gender of subject, and baseline smok- 
ing status and age of subject. These results suggested that proxy 
respondents were more than twice as likely to misclassify smoking 
status for subjects less than 65 years of age, but not for subjects 
age 65 years and over. When amount smoked (current amount at 
baseline versus usual amount at follow-up) is compared for smok- 
ers only, the agreement rates are substantially aiSected by typ^j 
of respondent; 55% agreement for subject responses versus 35% 
agreement for proxy responses. When this comparison is made 
with nonsmokers included, a much Higher r^te of agreement for 
both subject (80%) and proxy (74%) responses is observed. This 
comparison is strongly influenced by the substantial proportion of 
nonsmokers (over 60%), Of concern, however, is the high propor- 
tion of self-reported current and former smokers at baseline who 
are reported as never smokers at follow-up; 5,6% by self respon- 
dents and 12,9% by proxy respondents. These results are discussed 
later in the section concerned with confounding. 

Another large cohort study in England and Wales provides 
information regardmg the proportion of people who say that they 
have never smoked but, in fact, have done so in the past (N, 
Britten, University of Bristol, England, personal communication), 
A large longitudinal study of children bom in 1 week in England 
and Wales in 1946 has included several follow-up visits, the most 
recent of which was done in 1982 when the subjects were 36 years 
of age. Table 6-4 presents some results, A portion (4,9%) of the 
subjects said they had never smoked as much as one cigarette 
a day in 1982 when in fact they had previously reported that 
they smoked. These subjects had reported smoking at a rate of 
ab^ut half the current smokers. Nearly all of exsmokcrs (93%) had 
smoked 10 or more years eeurlier. 
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TABLE 6-2 Percent Distribution of Smoking Status at Baseline Exam 
(NHANES I, 197U75), According to Smoking Status at Follow-up 
(NHEFS, 1982-84) by Type of Respondent at Follow-up 



Smoking Status Reported at Fotlowup 



Baseline Smolcing 


Ever 


Never 


Total 


Status (NHANES I) 


No. 


Percent No. Percent 


No. 






Type of Follow'up Respondent: Self 




Ever 


2.675 


95.6 125 5.6 


2.800 


Never 


122 


4.6 2,107 94.4 


2.229 


Total 


2.797 


100.0 2,232 100.0 


5,029 






Type of FoUowup Respondent: Proxy 




Ever 


329 


95.1 38 12.9 


367 


Never 


17 


4.9 256 87.1 


273 


Total 


346 


100.0 294 100.0 


640 



SOURCE: Information obtained from National Center for Health Statistics (S. R. Machlin, 
J. C. Kleinman. J. H. Madans, personal communications). 



TABLE 6-3 Percent Distribution of Smoking Status at Baseline Exam 
(NHANES I, 1971-75), According to Smoking Status at Follow-up 
(NHEFS, 1982-84) by Type of Respondent at Follow-up 



Smoking Status Reported at Follow-up 



Baseline Smoking Current 
Status (NHANES I) No. 


Percent 


Not Current 
No. 


Percent 


Total 
No. 






Type of Followup Respondent: Self 




Current 


1.722 


89.5 


124 


4.0 


1,846 


Not Current 


202 


10.5 


2.981 


96.0 


3,183 


Total 


1.924 


100.0 


3,105 


100.0 


5.029 






Type of Followup Respondent: Proxy 




Current 


186 


83.4 


24 


5.8 


210 


Not Current 


37 


16.6 


393 


94.2 


430 


Total 


223 


100.0 


417 


100.0 


640 



SOURCE: Information obtained from National Center for Health Statistics (S. R. Machlin, 
J. C. Kleinman, and J. H. Madans, personal communication). 




123 



TABLE 6-4 Smoking Habits of Cohort Members at Age 36 Who Previously Reported That They Had Smoked at Least 
One Cigarette a Day 



Percentage of All 



Smoking Status 
Reported in 1982 


Most Recent Age at Which 
Smoking Was Reported 


Number of 
Subjects 


Rpnnrtpfl 

Ever-Smokers 
(No. = 2.080) 


Mean No., 
cig./day 


Interval Between 
Age Started Smoking 
and Age 36 


Nonsmokers who had 


31 yr (1977) 


7 


n Id 

U.J4 






previously reported 


25 yr (1971) 


18 


0 87 






smoking (No. = 102) 


20 yr(1966) 


49 


2.36 


4.2 


5.4 




<20yr (before 1966) 


28 


1.35 


5.8 


1.8 




Total 


102 


4.90 












Percent of 












Current Smokers 












(No. = 1J27) 






Current smokers who 


31 yr(1977) 


819 


72.67 


20.6 




had previously reported 


25 yr (1971) 


136 


12.07 


12.7 




smoking (No. = 1,048) 


20 yr(1966) 


84 


7.45 


11.4 






<20yr (before 1966) 


9 


0.80 


16.1 





SOURCE: Based on data from the MRC National Survey of Health and Development (N. Britten, personal commwiiication. University of Bristol. 
England). 
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Therefore, both longitudinal studies indicate that about 5% 
of self-reported lifelong nonsmokers may, in fact, have smoked. 
Eogot and Reid (1975) observed that there was a tendency of 
surrogate informants to report a higher tobacco consumption than 
previously reported by the study subjects. However, Lerchen and 
Samet (1986) observed no such differential in the reporting by 
wives of amount smoked by their husbands as compared with that 
reported by husbands. ' 

The body of evidence on surrogate responses to questions 
about smoking status suggests that the validity of such data may 
be limited and that spouses and, perhaps, other close family 
members can provide an accurate, but simple, smoking history 
(ever/never, smoker/nonsmoker). However, detailed information 
about amount and number of years smoked may be inaccurate and 
may result in substantial misclassification of study subjects by ex- 
posure status. These findings, although from a limited number 
of studies, have direct implications for the studies of ETS expo- 
sures where ETS exposure information is derived from surrogate 
reports. It should be noted that in the special instance where 
the spouse surrogate is reporting on hb personal smoking history, 
the information regarding ETS exposure of the nonsmoking study 
subject may be more accurate with regard to home exposures than 
the report by the study subject. 

Cotinine, the major metabolite of nicotine, can be detected in 
blood, urine, and saliva of active cigarette smokers and of those 
passively exposed to ETS. Coultas et al. (1986) demonstrated that 
nonsmokers exposed to cigarette smoke in their homes have de- 
tectable levels of salivary cotinine that increase as the number of 
smokers in the home increases from 1 to 2 or more (Table 6-5). 
Biochenfiical corroboration is not as promising for remote expo- 
sures to ETS. Corroboration of historical exposures, therefore, 
must rely on other methods, such as review of historical records. 
Results of recent biochemical measures may be used to corroborate 
self-reports of recent exposures for individuals for whom reports 
of both recent and remote exposures are available. The quality of 
historical data for an individual can be inferred from data using 
results from biochemical corroboration. This approach has been 
proposed by Johnson and Letzel (1984). 

The true validity of retrospective ETS exposures is impossible 
to establish. Wherever possible, other methods to corroborate 
exposure estimates should be used to assess and confirm the quality 
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TABLE 6*5 Salivary Cotinine Concentration (ng/ml) in 
Nonsmokers by Age and Number of Active Smokers in 
Household 



Age. yr 


Number of Household Smokers 




None 


One 


Two or More 


Younger than 6 


0;l.7;68*' 


3.8;4.1;41 


5.4;5.6;2l 


6-17 


0;1.3;200 


l.8;2.4;96 


5.3;5.6;25 


Older than 17 


0;l.5;316 


0.65;2.8;60 


0;3.7;12 



''Median; mean; number of subjects. 



SOURCE: Coultas et al. (1986). 

of self- and proxy reports of ETS exposure as well as active smoking 
status of study subjects. Other methods currently available for 
comparison with questionnaire and interview responses include 
biochemical measures, environmental modeling, review of existing 
records, and reports of additional respondents. 

OTHER VARIABLES 

Confounding factors that should be considered in the design, 
collection, and use of questionnaire data are other risk factors 
associated with the disease that may or may not be correlated 
with exposures to ETS. In the case of lung cancer, such risk 
factors include, but are not limited to: 

• occupation and industry of employment, 

• exposure to specific respiratory carcinogens, such as as- 
bestos, arsenic, radon, etc., in occupational or nonoccupational 
settings, 

• dietary factors, 

• family history of cancer (Ooi et al., 1986), 

• residential history, 

• housing characteristics, 

• years of education, and 

• socioeconomic status. 

Confounding factors relevant to the assessment of pulmonary func- 
tion and respiratory illness are listed in Table 11-1. In addition, 
exsmokers and current smokers have been (or are) exposed to 
active smoking for some period of time. Therefore, these individ- 
uals may have been exposed to higher concentrations and longer 
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duration of ETS, due to their own smoking patterns. Thus, an 
evaluation of the increased risk associated with exposure to ETS 
for any disease that is strongly associated with active smoking will 
need to control for smoking status of the individual study subjects. 
The confovnding effects of active smoking were not adequately 
controlled in several investigations of lung cancer (discussed in 
Chapter 12). This concern is particularly relevant in studies of 
acute respiratory illness in children and adolescents where the 
study subjects may be disinclined to report their smoking behav- 
ior accurately or the parents may be unaware of their child's active 
smoking (described in Chapter 11). 

A history of exposure to all other known or suspected con- 
founding factors should be obtained in a comparable manner 
for cases and comparison subjects by interview and corroborated 
whenever possible by comparison with existing records or self- 
reports obtained before developn*3nt of the disease. The exposure 
data collected should strive to be as detailed as possible with re- 
spect to intensity, duration, and calendar time for all exposures, 
including ETS exposures. However, one should be cognizant of 
the limitations imposed on data quality, especially when the inves- 
tigation relies on surrogate responses. Such quantification at best 
provides an approximation of exposure, whether the information 
is obtained from the individual himself or from a surrogate. 



SUMMARY AND RECOMMENDATIONS 

There are problems with self- and proxy reports of ETS ex- 
posure inferred from questionnaire responses that limit the utility 
of these data. The best method by which to estimate individual 
ETS exposures is not known, and this lack of information ham- 
pers all efforts at assessing data quality, including data validity. 
At present all methods used and proposed are indirect, although 
some provide quantitative measures and some qualitative mea- 
sures (smoker/nonsmoker). However, information on exposure 
from monitoring and detailed environmental-modeling studies of 
RSP indicate that only 30-40% of the variation in exposure can be 
explained using this approach (see Chapter 5). Further, biochem- 
ical methods to assess ETS exposure are extremely limited in the 
assessment of historical exposures that are most important with 
regards to chronic health effects. Therefore, exposure data derived 
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from questionnaire responses have an extremely important role in 
existing and future studies of ETS exposures. 

What Is Known 

1. Surrogate responses from spouses or close family members 
can provide data as accurate as self-reports for simple ever/never 
smoker status and current amount smoked. However, with such 
simple classifications^ an error rate of ab-^ut 5% is observed where- 
by ever smokers are misclassified as lifelong nonsmokers. This 
error is present for self-respondents es well as proxies. 

What Scientific Inforntiation Is Missing 

1. Diflferences in exposure levels between home and work envi- 
ronments have not been described in existing studies. In addition 
to the amount of time that an individual may spend in a work 
setting, the actual exposure may vary within the setting due to 
physical characteristics of the work environment as well as the 
number of active smokers present. 

2. Future investigations should be concerned with detailed 
characterization of ETS that would provide a more precise estima- 
tion of individual exposures and include additional consideration ^ 
of physical characteristics of the environment, activity patterns of 
the study subject, and ages at which exposures occurred. These 
data could be entered into a model, from which exposure estimates 
can be made. 

3. Because of the importance of misclassification of active 
smoking status, repeated and complementary efforts to determine 
and corroborate smoking status should be made in the collection 
of exposure data. Specific probes regarding former smoking status 
might be included in the questionnaire, even if the study subject 
has defined himself or herself as a nonsmoker. 

4. Confounding factors should be considered in the design, 
collection, and use of questionnaire data. These will vary with 
the health effect being assessed. The evaluation of ETS expo- 
sures should attempt to assess all such exposures, including both 
the home and work environment rather than focus solely on the 
smoking status of one family member, e.g., spouse. 

5. The comparability of questionnaires used to asaess ETS has 
not been established, and this would be desirable. 
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Exposure-Dose Relationships for 
Environmental Tobacco Smoke 



ESTIMATING DOSE 

When considering the risks of exposure to environmental to- 
bacco smoke (ETS) by nonsmokers, it is not enough to evaluate 
exposure and response. The actual dose received should be con- 
sidered. Typically, for smokers, the exposure is given in terras of 
number of cigarettes smoked per day or cumulative pack-years. 
For nonsmokers, the exposure is usually characterized in terms of 
particle or gas concentration in micrograms per cubic meter. But 
what is known about the total integrated dose to the respiratory 
tract resulting from exposure to ETS by nonsmokers? What frac- 
tion of inspired particles and gases is deposited and fails to exit 
with the expired air? Moreover, what is the fate of the deposited 
smoke? 

Although highly variable in concentration, ETS includes many 
of the same constituents as the smoke entering the active smoker's 
lungs. Both particulate and gaseous phases are present, as de- 
scribed in Chapter 2. In principle, the retained dose for either 
inhaled particles or gases can be approximated in a straightfor- 
ward manner: 

Dose = V X [C| X CE. (7-1) 

The deposited dose, in micrograms per hour, equals the ventilation 
rate in cubic meters per hour (V) times the concentration of par- 
ticle or gas in the inspired air in milligrams per cubic meter ([C]), 
times the collection efficiency {CE). CE has no dimensions; it is 
the fraction of the inhaled particle or gas that deposits and thus 
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fails to exit with the expired air. T' ^s, the dose is directly pro- 
portional to three variables: ventik yion, poJlutant concentration, 
and the fraction deposited. 

First, consider ventilation {V). The standard 70-kg adult 
at rest breathes about 7.5 L/min (International Commission on 
Radiological Protection, 1975). However, a value of 20 L/min 
would be more appropriate for adults in indoor environments who 
periodically stand, walk, type, or perform other modest tasks. 
During heavy exercise, ventilation can increase by a factor of as 
much as 10, to exceed 100 L/min (International Conunission on 
Radiological Protection, 1075). 

The concentration of various constituents in ETS {[C]) that 
might be encountered in 'arious situations has been discussed in 
Chapters 2 and 5. 



PARTICLE SIZE 

For particles, collection efficiency {CE) is determined primar- 
ily by two factors: particle size and breathing pattern. If the 
geometric size, shape, and density of the individual particles or 
droplets are known, then the distribution of particle diameters can 
be described. Because it is a better predictor of the behavior of 
the particle in the respiratory tract, aerodynamic diameter rather 
than optical measurement is used to express the range of particle 
sizes. Aerodynamic diameter is defined as the diameter of a sphere 
of unit density that has the same settling velocity as the particle 
being measured. It may be expressed as the count median aerody- 
namic diameter (CMAD) or mass median aerodynamic diameter 
(MMAD). These are, respectively, the diameters for which half of 
the number (or mass) of the pariicles are less than that dianieter 
and for which half exceed it. 

The particles in mainstream cigarette smoke have been mea- 
sured by several investigators using a variety of analytical devices. 
Because of the different apparatus and methods of smoke genera- 
tion and dilution, results vary. However, to an order of magnitude, 
the findings are reasonably consistent. McCusker et al. (1983) 
used a device called the single particle aerodynamic relaxation 
time (SPART) analyzer to size mainstream particles firom several 
brands of cigarettes, with and without filters. The MMAD for all 
brands averaged approximately 0.46 mm and was not markedly 
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diflferent when the filters were removed. Particulate concentra- 
tions per milliliter ranged from 0,3 x 10* to 3,3 x 10®, depending 
on whether the cigarettes were rated ultralow, low, or medium in 
tar content. 

Hinds (1978) compared the particulate size distribution in 
cigarette smoke using an aerosol centrifuge and a cascade impactor. 
Although these devices are based on different physical principles, 
the MMAD values were comparable to those measured by Mc- 
Cusker et al, (1983), ranging from 0,37 to 0,52 fim. Variations 
depend primarily on the dilution of the smoke, Keith and Derrick 
(1980) used a specially modified centrifuge, termed a conifuge, to 
analyze cigarette smoke and reported MMAD ^and concentration 
values similar to Hinds (1978) and McCusker et al, (1983), Partic- 
ulate' analysis by a light-scattering photometer yielded a MMAD 
of 0,29 fim and particulate concentrations of 3 x 10^°/ml, 

Time and concentration can modify tobacco smoke. Cigarette 
smoke aerosols contain volatile components, and evaporation grad- 
ually reduces particle diameters. It is also true that when the par- 
tield concentrations are extremely high, like those encountered in 
mainstream smoke, the aerosol can agglomerate rapidly because 
nearby particles collide with each other and coalesce. If smoke is 
cooled (reducing the vapor pressure of volatile components) and 
diluted in room nir (reducing the probability of particle collisions), 
the size of the particles will become more stable. Particle size may 
also change within the human respiratory tract. After air contain- 
ing smoke is drawn into the mouth and upper respiratory tract, it 
becomes humidified. Smoke particles can grow in size because of 
their affinity for water, termed hygroscopicity (Hiller, 1982a), 

BREATHING PATTERN 

Particle size is a critical fp.ctor in determining the collection 
efiiciency, but breathing pattern is also important For example, 
large slow tidal volumes will favor alveolar deposition, while high 
inspiratory flows will promote deposition at bifurcations in the air- 
ways. Breath-holding is also important. The greater the elapsed 
time before the next expiration, the higher the fraction of inspired 
particles deposited, since there is more time for particles to sedi- 
ment or diffuse. Individual anatonuc differences may influence the 
amount and distribution of deposited particles. The cross section 
of airways will influence the linear velocity of the inspired air. 
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Increasmg alveolar size decreases alveolar deposition. Preexisting 
disease can also modify the deposition of sm^•kx^ For environmen- 
tal tobacco smoke (diameters of particles ranging from 0.1 pun 
to 1 /im) the sedimentation and diffusion mechanisms will be the 
primary mechanisms of deposition. 

Changes in the rate and pattern of breathing associated with 
exercise can also afifect the total dose of cigarette particulates 
deposited in the lungs. Bennett et al. (1985) reported that exer- 
cise increased the percent deposition of experimentally generated 
aerosols (MMAD of 2.6 /im) in human subjects. The reason for this 
observation was that during exercise, breathing patterns change 
so that flow rates are increased. Increasing the flow rates also 
increases the inertial impaction. Also, exercise is frequently asso- 
ciated with a shift from nose to mouth breathing. Consequently, 
the filtration of large particles that takes piixe in the upper respi- 
ratory tract no longer occurs. Increased deposition was also mea- 
sured in exercising hamsters that inhaled a radiolabelled aerosol 
(activity median diameter of 3 /xm) (Harbison and Brain, 1983). 
These results are relevant to those who breathe air containing ETS 
when their minute ventilation is increased while working or during 
periods of exercise. 

DEPOSITION OF CIGARETTE SMOKE PARTICLES 

The factors discussed in the previous sections indicate that ex* 
perimental measurements of the concentration of smoke aeronols 
in indoor environments, i.e., exposure concentrations, are insuf- 
ficient for predictions of smoke deposition. ETS smoke is con- 
stantly changing, thereby complicating the collection of accurate 
and reproducible data regarding its particulate size. In addition, 
alterations in respiratory structure aid respiratory rate can affect 
deposition of particulates. These complexities stress the impor- 
tance of actual measurement of regional deposition of cigarette 
smoke particles in human lungs. However, little is published on 
this important area, despite the prevalence of passive smoking 
and concerns about its impact on human health. The majority 
of the available informatioii on deposition of particles present in 
cigarette smoke is based on theoretical or physical models of the 
lungs and measurements of differences between the concentrations 
of tobacco smoke aerosol or model aerosols in inhaled an<^ exhaled 
air. 
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A model to predict the percent of deposition of particles based 
on MMAD was developed by the Task Group on Lung Dynamics 
(1966) of the International Commission on Radiological Protec* 
ticn. The respiratory tract was divided into three main regions: 
nasopharynx, trachea and bronchi, and the alveolar. In conjunc- 
tion with estimates of particle clearance, deposition calculations 
were mdde for these regions at three different inhalation volum-^s. 
This model ci^jj'^Rts that about 30% of the particles within the 
size range present in cigarette smoke will deposit in the alveolar 
region and 5-10% in the tracheobronchial region. This model also 
emphasizes the impact of particle solubility on the total integrated 
dose with time. Brain and Valberg (1974) developed convenient 
nomograms and a computer piogram to calculate how particle 
solubility and particle size significantly affect the net amount of 
particulates retained in the lungs. Although the basic outline of 
the model is generally correct, more recent measurements suggest 
that values for alveolar deposition of particles 0.1-1.0 /im are too 
high by a factor of at least 2 (Heydei-, 1982). The extent to which 
ETS particles are hygroscopic and increase in size within the respi- 
ratory tract is an important and unresolved issue that adds further 
uncertainty. 

Aerosol deposition has also been studied in airway casts. Phys- 
ical models of the upper airways of human lungs have been made 
by a double-casting technique to study particulate deposition at 
several airway generations (Schlesinger and Lippman 1972). Dif- 
ferent flow rates and particle sizes were used to study deposition 
patterns. Schlesinger and Lippman (1978) reported a correlation 
between the deposition sites of test aerosols in their lung casts 
and the most common sites of origin of bronchogenic carcinoma 
in smoking humans. Both occurred preferentially at bifurcations. 
Martonen et ^1. (1983) added an oropharyngeal compartment and 
a replica cast of the larynx to the tracheobronchial casts in or- 
der to better simulate airflow patterns in the upper respiratory 
tract. They used these models to evaluate the amount of cigarette 
smoke condensate deposited in the airways at different flow rates. 
More condensate was present in areas where airways branched 
and especially at the bifurcation points, indicating increased lev- 
els of impaction. Aerosol wus also deposited preferentially along 
posterior airway walls of the branching regions. 

Hiller et al. (1982a) measured the collection efficiency in adults 
of an aerosol contdning three different sizes of polystyrene latex 
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spheres in nonsmoking humans. They measured a 10% deposition 
for 0.6-/im (MMAD) spheres, which is similar to the results of 
Davies ct al. (1972) and Muir and Davies (1967) using O.S-pm 
aerosols and Heyder (1982) using aerosols that were 0.2 to 1.0 
pm in size. The size ranges of these aerosols are comparable to 
those experimentally measured in cigarette smoke, as previously 
discussed* 

In contrast to passive smoking, the €:stimatcs of the collection 
efficiency of smoke particles during active smoking are substan- 
tially higher (about 70%) for at least two reasons (Hiller et al., 
1982b). First, the much higher particulate concentrations in main- 
stream smoke may give rise to more agglomeration and greater hy- 
droscopic growth in the respiratory tract. Both processes produce 
larger particles with higher collection efficiencies. Second, and 
more important, the breathing pattern used by the active smoker 
is markedly different than normal breathing. It is characterized 
by a slow deep inspiration followed by breath-holding. This in- 
creases the leverage residence time of the smoke particles and thus 
increases the fraction of inhaled particles that deposit in the lung. 

To compare the amount of smoke deposited in the lungs of an 
active smoker with an individual expcacd to ETS, flrst consider u 
pack-a-day smoker (about 20 cigarettes during an 8-hour period). 
The average tar rating in mainstream smoke (MS) over the past 
couple of decades h.is been about 14 mg/cigarette. Therefore, the 
total amount of tar inspired is 280 mg/8 h. Assuming a collection 
efficiency of 70%, the amount of tar deposited is 196 mg/8 h. 

As pointed out in Chapter 5, smoke particles can range from 
50 to 500 ^g/m^ in public places where smoking occurs and from 20 
to 150 pg/m^ in homes with smokers. Consider a nons^oker ^;^ho 
breathes at 10 L/min, or 4,800 L/8 h. With modest exercise, this 
could increase to 20 L/min, or 9,600 L/8 h. P-sed on estimates 
by Hiller et al. (I982a,b), the collection efficiency of particles in 
ETS is about 10%. Therefore, the total amount of smoke particles 
deposited in a nonsmoker in these environments for 8 h could range 
from approximately 0.0096 mg/8 h = 20 pg/m^ x 4.8 m^/8 h x 0.1 
to an extreme of 0.5 mg/8 h = 500 pg/m^ x 10 m^/8 h x 0.1. This 
would be approximately 0.005% to 0.26% of that amount of tar 
deposited in the active smoker^s lungs after smoking 20 cigarettes. 
The active smc!ier, of course, also breathes the ETS, so that the 
total dose received by the active smoker is the mainstream smoke 
plus a passive smoking dose equivalent to that received by the 
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nonsmoker exposed to ETS. However, since the dose received due 
to breathing ETS-contaminated air is so small, this additional 
contribution to the total dose is negligible. 

Benzo[a]pyrene (BaP) is one of the primary constituents of 
particles in mainstream smoke. From Table 2-10 one can estimate 
that a nonsmoker exposed to ETS receives a higher relative dose of 
BaP than of RSP. However, the ambient measurements, which are 
used to estimate the dose for the nonsmoker, may be elevated in 
view of the high outdoor concentrations that are reported in these 
studies. More daca on the fate of BaP in ETS and on ambient 
concentrations are needed before estimates of the relative doses 
can be made meaningfully. 

Although the amount of smoke deposited in the lungs of non- 
smokers during exposure to ETS is small compared with that 
encountered by the active smoker regarding mainstream smoke, it 
may differ in composition and toxicity. For example, as discussed 
in Chapter 2, certain constituents are present in much higher con- 
centrations in sidestream smoke as compared with mainstreeim 
smoke (Weiss et al., 1983). These possible differences in composi- 
tion must be explored. 



PARTICLE RETENTION IN THE LUNGS 

The amount of particles present at different sites in the lungs is 
not only dependent on deposition. Retention of smoke depends on 
the balance between the amount of each constituent that deposits 
in the respiratory tract and the efficiency of the lung clearance 
mechanisms in the airways and alveoli. Clearance mechanisms 
are a dynamic component of normal lung function and operate 
to keep the lung clean and sterile. Particles depositing in the 
airways are entrained in the mucus layer that lines the airway. 
This layer is swept toward the mouth by the action of ciliated cells 
and eventually swallowed. Mucus transport is approximately 1-2 
cm per minute in the trachea, but is slower in smaller airways. 
In addition, macrophages present in the airways may phagocytose 
deposited particulates and be carried towards the mouth by the 
mucociliary transport system. Particulates reaching the alveolar 
region— those that are usually less than several micrometers — 
are soon engulfed by alveolar macrophages. Some of these cells 
gradually migrate towards the airways and exit the lung via the 
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mucociliary escalator. Dissolution of particles is an additional 
important clearance mechanism. 

Lung disease and cigarette smoking itself can affect particle 
clearance and retention in smokers' lungs. Previous studies have 
shown that smokers have different aerosol deposition patterns and 
slower clearance rates than nonsmokers (Albert et al., 1969; San- 
chis et al., 1971; Cohen et al., 1979). These alterations in clear- 
ance are, in part, caused by components within cigarette smoke 
that affect the quantity and rheological properties of the mucous. 
Components of cigarette smoke, also, can impair phagocytosis by 
alveolar macrophages (Ferin et al., 1965). Clearance mechanisms 
in smokers may be further compromised by lung diseases, such an 
emphysema and fibrosis, and by exposure to other air pollutants. 

Measurements of the long-term retention of compounds as- 
sociated with cigarette particulates in the lungs are di&icult to 
estimate from data obtained with airway casts or from differences 
between inhaled and exhaled aerosol concentration, since these 
methods do not take into account clearance mechanisms. Un- 
fortunately, few data are available regarding the actual retention 
and sites of deposition of cigarette smoke particles in either non- 
smoking humans or animals exposed to ETS. The most accurate 
method "^^hat could be used is quantification of particulate deposits 
in individual pieces of tissue dissected from the lung. Impossible 
in living animals, this is a tedious procedure in animal lungs or 
human material obtained at surgery or autopsy and is especially 
difficult for large lungs One can also attempt to quantify dose by 
examining saliva, serum, or urine. These possibilities are discussed 
in Chapter 8. 

GASES m ENVIRONMENTAL TOBACCO SMOKE 

In etddition to the particulate phase, we must also consider 
exposure-dose relationships for gases in ETS. As before, breathing 
pattern influences gas uptake. Of particular importance is the 
difference between oral and nasal breathing. Breathing by mouth 
increases the exposure of the airways, while breathing by nose (as 
would be true for nonsmokers exposed to ETS most of the time) 
offers some protection for the lower respiratory tract. 

The most important variable determining the amount and site 
of uptake is the water solubility of the gas in question. Gases that 
are highly soluble in water, such as formaldehyde or acrolein, will 
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be almost completely removed by the upper respiratory tract, es- 
pecially during nasal breathing. The concentration of other gases, 
suuh as the oxides of nitrogen, which have an intermediate solu- 
bility, will decrease as the inspired bolus penetrates deeper and 
deeper into the lungs. There will be uptsJce of gas in the upper 
airways, but significant amounts will also penetrate to respiratory 
bronchioles and alveoli. Finally, there are gases of Ic'v solubility, 
such as carbon monoxide. No significant uptake of CO occurs 
in the upper airways, and it is only slowly absorbed across the 
air-blood barrier. In the absence of heavy exercise and very high 
ventilation rates, many hours are required to establish an equilib- 
rium between inspired CO and carboxyhemoglobin in the blood. 

As was true for particles, we can estimate the gas uptake for 
active smokers and for passive smokers. As reviewed in Chapter 
2, CO from ETS can range from less than 1 to 8 ppm. If the 
background air has little or no CO, even the upper estimates of 
8 ppm will have a negligible effect on carboxyhemoglobin levels. 
Almost 2 hours would be required to reach 1% carboxyhemoglobin 
(Peterson and Stewart, 1975). This is approximately the same 
as background levels of carboxyhemoglobin, which are associated 
with endogenous production of carbon monoxide. Even after 15 
hours, when the equilibrium value of 1.7% COHb is finally reached, 
the effect should be insignificant. However, if air pollution from 
mobile and stationary sources produces higher badcground levels 
of CO, then an incremental exposure of 1 to 8 ppm could produce 
some added burden of carboxyhemoglobin. 

Reactive or highly soluble gases such as formaldehyde, acro- 
lein, or oxides of nitrogen present a different situation. Acrolein 
has a very high water solubility (40 g/lOO ml). Because of this 
high solubility in the airway lining fluids, one would anticipate 
a collection efficiency approaching 100%. Moreover, this would 
occur rapidly, so that acrolein is classified as an upper respiratory 
tract irritant. According to Table 2-10, there are between 60 
and 100 /ig of acrolein generated per cigaretti Thus, from 20 
cigarettes^ 1.2 to 2.0 mg of acrolein v'ould be deposited in the 
respiratory tract of the active smoker. 

Chapter 2 suggests that levels of acrolein in public places 
where smoking is permitted could range from 10 to 50 /4g/m^. 
Using similar assumptions to that made for particles, we estimate 
f»\3i the nonsmoker would inhale 4.8 to 10 m^ of air per 8 hours. 
Assuming a collection efiiciency of 100%, the total amount of 
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acrolein deposited in the passive smoker would be approximately 
0.048 to 0.5 mg. We select 1.6 mg/8 hours as the mid-range 
dose for the active smokers, which assumes 20 cigarettes smoked 
per 8 hours with 80 /ig acrolein per cigarette. Using this value, 
the nonsmoker exposed to ETS for 8 hours would then receive 
approximately 3 to 31% of that received by the active smoker. 
When the co:>tribution of ETS is included for the active smoker, 
the nonsmoker exposed to ETS for 8 hours would receive between 
5 and 24% of that of an active smoker. The relatively high dose 
of acrolein received by the nonsmoker refiects the high collection 
efficiency for this hydrophilic component and the persistence of 
vapor-phase components in the air even when titration is used. 
Table 2-10 gives comparisons of the amount of other- materials 
inspired for both active smokers and individuals exposed to ETS 
over shorter periods of time. 



SUMMARY AND RECOMMENDATIONS 

A number of studies have measured the levels of specific con- 
stituents of ETS under natural conditions (reviewed in Chapters 2 
and 5). The extrapolation from relative exposures to relative doses 
received is difficult. Variation in the percent of time individuals 
spend in particular environments such as home, workplace, and so 
forthj» and the variations in uptake and clearance, discussed in this 
chapter, will afiect the actual dose received. 

Using a simple, firsb-approximation model for exposure and 
retention, the relative daily dose received for a nonsmoker exposed 
to ETS can be compared with the dose received by an rtctive 
smoker. For RSP, the estimates were up to 0.26%. For acrolein, 
a hydrophillic, vapor-phase constituent, the relative dose in es- 
timated to be much higher, 3 to 31%, whether or not the ETS 
exposure of the active smoker is considered. Nicotine, another 
constituent that appears primarily in the vapor phase of ETS, has 
an estimated relative dose of up to 1% (see Chapter 8). 

The extent to which these are indicative of the relative ex- 
posures to specific constituents that are important for particular 
health effects in active smokers or in nonsmoker:* exposed to ETS 
cannot be determined for any of the health effects reviewed later 
in this repoirt. Nevertheless, the estimated relative exposures give 
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some idea of the potential range of relative exposures, for constitu- 
tents that are found both in the vapor phase and in the particulate 
phase. 

Because of the range of estimated relative doses, it would be 
ideal to make estimates of the relative dose based on the spe- 
cific constituent (s) that are most relevant to the health effect 
being assessed. However, many of these specific constituents, for 
instance the carcinogenic constituents such as benzo[a]pyrene, iV- 
nitrosodimethylaxnine, and iV-nitrosodiethylamine, are diflScult to 
measure; therefore, there are not enough data available to make 
meaningful estimates of the relative doses of these constituents. 
Also, biological markers might be potentially informative indica- 
tors of the relative doses. However, as reviewed in .Chapter 8, 
to date only carbon monoxide, nicotine, and cotinine have been 
measured extensively in humans. 

What Is Known 

1. Particle size and breathing pattern are critical factors in 
the deposition of ETS in humans. 

2. Theoretical models predict that 30 to 40% of the particles 
with the size range present in cigarette smoke will deposit in the 
alveolar region and 5 to 10% in the tracheobronchial region. 

3. The collection efiiciency of smoke particles during active 
smoking has been measured to be about 70%. On the other hand, 
the collection efficiency is estimated to be only 10% for nonsmokers 
exposed to ETS. 

What Scientific Information Is Missing 

1. Actual measurement of regional deposition of cigarette 
smoke particulates in human lungs is not available. 

2. There are little data regarding the actual retention and sites 
of deposition of ETS particulates in either humans or animals. 

3. The concentrations of various components in vapor and 
particulate phases of MS and ETS differ. Consequently, research 
is needed, particularly for vapor-phase components, to see how 
these differences aSect dose. 
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Assessing Exposures to 
Environmental Tobacco Smoke 
Using Biological Markers 



Previous chapters have dealt with the formation and compo- 
sition of tobaccc sidestream smoke, its contribution to environ- 
mental tobacco smoke (ETS), and the conditions that govern the 
physicochemisiry and toxicity of ETS. Personal monitoring of ex- 
posure and analysis of the respiratory environment enable us to 
estimate the level of toxic agents for individuals exposed to ETS. 
Studies on the uptake of smoke constituents by individuals and 
on the metabolic fate of such constituents can provide informa- 
tion relative to epidemiologic observations and the actual exposure 
levels of different populations. 

Exposure to ETS may depend on several factors, including 
the number of smokers in an enclosed area, the size and nature of 
the area, and the degree of ventilation. Thus, optimal assessment 
of exposure should be done by analysis of the physiclogiced fluids 
of exposed persons 'rather than by analysis of respiratory environ- 
ment. The development of new b:--chemicai methods enables us 
to obtain measurements of exposure to ETS by determining the 
uptake of specific agents in body fluids and calculating the risk 
relative to that of the exposure of active smokers. The uptake 
of individual agents from ETS can be determined by biochemical 
measures that have been developed for assessment of active smok- 
ing behavior, as long as these measures are sensitive and specific 
enough for quantitating exposure to such agents by nonsmokers. 
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BIOLOGICAL MARKERS IN 
PHYSIOLOGICAL FLUIDS 

Thiocyanate 

The hydrogen cyanide (HCN) absorbed from tobacco smoke 
is detoxified in the liver, yielding thiocyanate (SCN""). However, 
SCN"" in serum and other biological fluids does not exclusively 
originate from inhaled tobacco smoke. Thiocyanate also can be 
derived from the diet (Haley et al., 1983; Jarvis, 1985). 

Before 1975, primarily two colorimetric methods were used 
for the manual determination of thiocyanate in biological flu- 
ids (Aldridge, 1944; Bowler, 1944). Subsequently, the automatic 
method by Butts et al. (1974) has found wide application in com- 
paring physiological fluids from smokers and nonsmokers. It en- 
tails determination of thiocyanate by its reaction with ferric ions, 
which yield a color complex with maximal absorbance at 460 nm, 
the intensity of which can be measured in an autoanalyzer. In sera 
of nonsmokers. Butts et al. (1974) determined up to 95 /imcl/L 
of SCN"". The critical value in differentiating between smokers 
and nonsmokers was 85 ^mol/L of SCN" . In other investigations, 
100 ^mol/L of SCN"" was found to be the critical level for serum 
(Junge et al., 1978) and for saliva (Luepker et al, 1981). This fact 
and the low concentrations of HCN in ETS (HoflFmann et al., 1984) 
explain why some investigators were unable to distinguish between 
nonsmokers exposed to ETS and those without any exposure to 
tobacco smoke (Hoffmann et al., 1984; Jarvis, 1985). 

Similarly, the mean serum level of SCN" in healthy pregnant 
women at term who were exposed to ETS (35.9 /*mol/L) was 
not distinctly different from that in those without ETS exposure 
(32.3 ^mol/L), nor was there a measureable difference in SCN"" 
levels in the umbilical cords of the neonates (26 versus 23 /imol/L) 
(Hauth et al., 1984). 

In one study, it appeared that there was a trend toward higher 
thiocyanate levels in the saliva of nonsmoking children residing 
with smokers compared to the SCN~ levels in saliva of children 
without ETS exposure, yet this trend w:v$ insignificant (Gillies 
et al., 1982). In a study of six volunteer nonsmokers exposed to 
a smoke-fiUed room for 4 hours, there was a signifi( ant increase 
in salivary SCN". However, the SCN"" values of the nonsmokers 
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exposed to ETS were not distinguishable from those nonsmokers 
free of tobacco smoke exposure (Pekkanen et al., 1976). 

In another study^ mean serum thiccyanate levels were reported 
to be significantly higher (p < 0.002) for children and adolescents 
with exposure to cigarette smoke at home (n = 14; SCN~ = 
97.3 ± 45.4 /imol/L) than for those not exposed (n = 10; SCN~ = 
54.2 ± 11.3 /imol/L). The authors of the latter study also reported 
a weak correlation between thiocyanate concentration and number 
of cigarettes smoked per family (Poulton et al., 1984). This study 
was criticized because some of the determined thiocyanate levels 
were within the range reported for heavy cigarette smokers. It 
is likely that there was deceptive reporting of adolescent smoking 
status (Jarvis, 1985). Based on the observations to date, the level 
of thiocyanate in saliva, serum, and/or urine is not useful cs an 
indicator for the uptake of ETS by a nonsmokti. 

Carbon Monoxide and Carboxyhemoglobin 

Carbon monoxide (CO) in the body originates from endoge- 
nous processes as well as environmental sources. The endogenous 
production of CO is primarily a consequence of the breakdown 
of hemoglobin and of other heme-containing pigments. Healthy 
adults produce about 0.4 ml of CO per hour (0.5 mg/h; Coburn et 
al., 1961). This provides the migor portion of CO that is found as 
carboxyhemoglobin (COHbj in nonsmokers. In nonsmokers with- 
out occupational exposure to CO, COHb ranges from 0.5 to 1.5% 
(National Research Council, 1981; Wald et al., 1981). 

The inhalaiion of CO from the environment is followed by 
an mc\rease of the CO concentration in the alveolar gas and by 
diffusioii frorr, f;Iie gas phase through the pulmonary membrane 
into the blcod. GO is complexed with blood to form COHb and, 
v:s such, is transported throughout the body. Complexing it with 
hemoglobin occurs with a rtrong coordination bond v/lth the iron 
of heme, a bond that k axu^nt 200 times stronger than ihat with 
molecular oxygen. CO is only slowly r^jleased from the blood 
ia the process of exhaling. In the case of nonsmc'<ers who have 
been exposed to elevated levels of CO in the arr for a few hours, 
the half-life of COHb lasts 2-4 houn* (National Research Council, 
1981). 

Monitoring of absorbed CO the blood Is done primarily by 
the analysis of CO in alveolar gas and by the analysis of COHb 



136 



in blood. The most widely used technique in the clinical labo- 
ratory is the determination of COHb with automated differential 
spectrophotometry (National Research Council, 1977). The deter- 
mination of CO in exhaled air by standardized gas analyzers has 
been used less frequently. However, the portable "Ecolyzer** and 
other similar instruments have proved to be reliable instruments 
for the recent validations of the reported smoking habits among 
populations m field studies (Vogt et al., 1979). The data from 
both measurements, amount of CO in the alveolar gas and the 
concentration of COHb in blood, are well correlated. Theoreti- 
cally, the slope of the graph relating the percent of concentration 
of COHb to alveolar CO should be about 0.155 at CO concentra- 
tions of 0-50 ppm. Most laboratory studies have confirmed this 
correlation experimentally (National Research Council, 1981). In 
the case of cigarette smokers who have inhaled pufis of smoke con- 
taining 20,000-50,000 ppm of CO, the correlation between exhaled 
CO and COHb is also in good agreement (r = 0.97; Hftmemann et 
aL,1980. 

The COHb levels are of value for comparing degrees of smoke 
inhalation. In a study of men aged 34-64 years, cigarette smok- 
ers had on the average 4.7% of COHb; cigar smokers^ 2.9%; pipe 
smokers, 2.2%; and nonsmokers, 0.9% (Wald et al., 1981, 1984). 
However, measurements of exhaled CO or COHb are not valid in- 
dicators of chronic exposure to ETS. A study of 100 self-reported 
nonsmokers who were divided into four groups — without exposure 
to ETS, with little, with some, and with a lot — revealed no sig- 
nificant diflferences in measurements of expired CO (5.0-5.7 ppm; 
mean, 5.61 ± 2.70 ppm) or COHb (0.80-0.94%; mean, 0.87 ± 
0.67%) (Jar vis and Russell, 1984). This observation is also sup- 
ported by a study of six nonsmoking flight attendants who served 
in the smokers* section of a trans-Pacific aircraft. Preflight COHb 
levels were 1.0 ± 0.2% and post flight levels (after serving round- 
trip) were 0.7 ± 0.2% (Foliart et al., 1983). 

Heavily smoke-polluted environments can lead to elevated ab- 
sorption of CO. This was shown for seven nonsmokers exposed 
for 2 hours in a pub, whose exhaled air revealed an average of 
5.9 ppm of CO, a level that corresponds to the alveolar gas of a 
smoker after smoking one cigarette (Jarvis et al., 1983). Another 
study showed that twelve nonsmokers, sharing the nonaircondi- 
tioned environment of a room with four smokers who smoked four 
cigarettes each within 30 minutes, had an COHb increase of the 
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same magnitude as that measured in a smoker after consuming 
one cigarette (Huch et al.^ 1980). 

Even though tobacco smoke is a major source for indoor air 
pollution, additional sources may contribute to increased CO con- 
centrations in air and, consequently, to higher COHb levels in 
exposed subjects. Such sources include gas stoves, faulty furnaces, 
and space heaters (National Research Council, 1981). For exam- 
ple, kerosene heaters can be a major source for indoor pollution. 
Depending on the model and flame setting, kerosene space heaters 
generate up to 6.5 mg of CO per minute of operation (Leaderer, 
1982). 

In summary, CO in alveolar air and as COHb in nonsmok>.rs 
originates from endogenous processes as well as from environmen- 
tal sources. ESTS is an important pollutant of indoor environments* 
however, except for highly polluted settings, CO levels in exhaled 
air and COHb levels in the blood are not statisically significantly 
elevated following exposure to ETS, although acute short-term 
exposures from 3-4 hours may be detected if blood or expired air 
is sampled within 30 minutes of the end of exposure. In sum, how- 
ever, measurements of exhaled CO and of COHb, are not useful 
indicators of exposure to ambient ETS except in acute exposure 
studies in the laboratory. CO measures are a marker of gas-phase 
exposure to ETS. 

Nicotine and Cotinine 

Disregarding nicotine-containing chewing gum and nicotine 
aerosol rods as aids for smoking cessation, the presence of nicotine 
and that of its major metabolite, cotinine, in biological fluids 
is entirely due to the exposure to tobacco, tobacco smoke, or 
environmental tobacco smoke. The determination of nicotine and 
cotinine in saliva, blood, or urine of active and passive smokers 
is done primarily by gas chromatography (GC) v;ith a nitrogen- 
sensitive detector and by radioimmunoassay (RIA). 

The GC method requires great precaution in order to avoid 
contamination by traces of nicotine from the environment or from 
solvents and/or equipment. This is of major importance for sam- 
ples containing nicotine at levels <20 ng/ml of fluid, as is the case 
in nonsmokera exposed to ETS (Feyeicaband and Russell, 1980). 
The GC method can be used to measure concentrations of nicotine 
as low as 1 ng/ml and concentrations of cotinine as low as 5 ng/ml 



148 



138 



iu <}.\mple8 of physiological fluids (Jacob et al., 1981). An experi- 
enced chemist can analyze up to 25 samples per day for nicotine 
and cotininc. 

The radioimmunoassays for nicotine and cotinine represent 
probably the most direct technique available. These assays have 
only low cross-reactivities with other naturally occurring metabo- 
lites of nicotine. The sensitivity of these assays is about 0.5 ng/ml 
for both nicotine and cotinine and has inter- and intra-tissay vari- 
ations of ±5% (Langone et al., 1973; Hill et al., 1983). An experi- 
enced biochemist with automated equipment can ansdyze up to 80 
samples (plus 20 control samples) per day. So far, the RIA method 
has been used by a limited number of laboratories because it re- 
quires the synthesis of specific nicotine and cotinine derivatives 
for the generation of serum albumin conjugates and the raising of 
antibodies to these conjugates (Langone et al., 1973)* In addition, 
the RIA method also requires careful drawing and handling of 
samples to avoid contamination. 

Table 8-1 presents results from the major ttudies on the up- 
take of nicotine by nonsmokers under acute exposure conditions. 
These data show that exposure to high levels of ETS in labora- 
tories can lead to a significant uptake of nicotine. This uptake is 
clearly reflected in the concentrations of nicotine in plasma (up 
to 0.9 /ig/ml for nonsmokers compared with a mean value of 14.8 
/ig/ml for smokers, an increase of 15-fold) and in urine (84 ng/ml 
for nonsmokers, compared with 1,750 ng/ml, a increase of 20-fold) 
(Russell and Feyeiaband, 1975; Hoffmann et al., 1984). The sig- 
nificantly higher values for nicotine in the plasma compared to 
urine may be explained by the short initial half-life in smokers of 
9 minutes and relatively short terminal half-life in smokers of 2 
hours (Benowitz et al., 1982). 

Table 8-2 presents data for nicotine and cotinine uptake as 
measured in physiological fluids of nonsmokers exposed to ETS 
under daily life conditions. With the exception of the report by 
Matsukura ct al. (1984), the data demonstrate that the involuntary 
exposure of the passive smoker amounts to a few percent or less 
of the amount of nicotine that is inhaled by a cigarette smoker. 
Table 8-3 compares nicotine and cotinine levels as determined 
in one laboratory in plasma, saliva, and urine of nonsmokers with 
and without ETS exposure and of active smokers. This comparison 
shows that, generally, concentrations of nicotine and cotinine in 
plasma, saliva, and urine of nonsmokers exposed to ETS amount 
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TABLE 8«1 Nicotine Uptake by Uonsmokers Exposed to ETS Under Laboratory Conditions 



Authors 



Harkc, 1970 



Cano ct al.. 1970 



Russell and 
Fcycrabcnd, 1975 



ETS— Conditions 



Room— 170 

(1) 11 smokers consumed 
100 cigarettes during 
2 h; no ventilation 
(30 ppm CO) 

(2) as (D— but with regular 
ventilation (5 ppm CO) 

Room— 66 m^ 
4 smokers and 2 non- 
smokers 
(a) lived together for 5 days 



(b) lived together ff>r 4 days 



(1) Room -43 m^ 

9 smokers consumed 80 
cigarettes and 2 cigars: 
no ventilation 
(38 ppm CO) 

(2) Two groups measured 
after lunch 



No. of 

Nonsmok^rs Results 



12 



14 
13 



Excretion in the urine (6 h after exposure) 



Nicotine: 10 ± 6.8A*g/6h 
Cottnine: 35 ± 34.5 ^g/6 h 



Nicotine: 18 ± 7^g/6 h 
Cotinine: 19 ± 9,4 A*g/6 h 

Excretion in the urine Nicotine, A*g/24 h 

Day 1— no smoking 0 
Day 2—98 cigarettes smoked 35-44 
Day 3— 121 cigaieites smoked 50-ol 
Day 4—98 cigarettes smoked 62.5-70 
Day 5—88 cigarettes smoked *«7-50 
Day 1—97 cigarettes; 15 f*g nic/m^ 23-34 
Day 2—% cigarettes: 22 fxg nic./m^ 22.5-i S 

Day 3—94 cigarettes: 35 ^g nic./m^ 47.5-69 
Day 4—103 cigarettes: 33 A*g nic./m^ 32-6S 
Nicotine 

Before exposure: 0.73 ± \ .6 fjig/m\ plasma 
After 78 min exposure: G.90 ± 0.i*9 A*g/ml 'plasma 
15 min after cnJing exposure: 80.0 ± 58.7 ng/ml urine 
No experimental ETS exposure: 12.4 ngAxI urine 
8.9 ng/ml urine 
No experimental ETS exposure: 12.4 ± 16.9 r.g/ml urine 

8.9 ±9.1 ng/ml urine 



09 



150 



TABLE 8-1 Continued 



No. of 

Authors ETS— Conditions Nonsmokers Results 



Hoffmann et aL. 1984 Room— 16 m^ 6 


Time during exposure 


Nicotine 


Cotinine 


4 cigarettes concurrently 


0 


Saliva: 


3 ng/ml 


1.0 ng/ml 


and continuously 




Plasma: 


0.2 ng/ml 


0.9 ng/ml 


machine smoked for 80 




Urine: 


17 ng/mg creat. 


14 ng/mg creat. 


min; 6 air exchanges/h 


80 min 


Saliva: 


730 ng/ml 


L4 ng/ml 


(200gnic./m^ 




Plasma: 


0.5 ng/ml 


L3 ng/ml 


20 ppm CO) 




Urine: 


84 ng/mg creat. 


28 ng/mg creat. 




Time following exposure 








"•0 min 


Saliva: 


148 ng/ml 


1.7 ng/ml 






Plasma: 


0.4 ng/ml 


1.8 ng/ml 




150 min 


Saliva: 


17 ng/ml 


3.1 ng/ml 






Plasma: 


0.7 ng/ml 


2.9 ng/ml 






Urine: 


100 ng/mg creat. 


45 ng/mg creat. 




300 min 


Saliva: 


7 ng/ml 


3.5 ng/ml 






Plasma: 


0.6 ng/ml 


3.2 ng/ml 






Urine: 


18 ng/mg creat. 


55 ng/mg creat. 



"Abbreviations: creat., creatinine; nic, nicotine. 
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to less than 1% of the mean values observed in physiological fluids 
of active smokers, even though some nicotine measurements in 
plasma give a higher reading (Jarvis et al., 1984). 

In a large-scale study of 839 nonsmokers (identified by their 
questionnaire response and also having a cotinine concentration of 
<20 ng/ml of saliva), cotinine levels increased with the number of 
smokers in the home for each of three age groups examined inde- 
pendently (<5, 6-17, and >18 years). The cotinine levels in saliva 
were found to be significantly associated with increasing number 
of smokers per household within each age group. The median 
salivary cotinine levels in adult smokers was 287 ng cotinine/ml 
(Coultas et al., 1986). 

Matsukura et al. (1984) report that cotinine in the urine of 
ETS-exposed nonsmokers reaches an average of 1.5'' ± 0.57 /ig/mg 
of creatinine when 40 or more cigarettes per day have been smoked 
in the home of the exposed subjects. In the case of cigarette smok- 
ers, they found cotinine levels of 8.57 ± 0.39 fig/mf of creatinine 
in urine. This study has been questioned because its findings of 
cotinine in urine of both active and passive smokers indicate levels 
substantially higher than those reported in other studies (Adlkofer 
-et al., 1985; Pittenger, 1985) (see Chapter 12). 

Nicotine uptake by infants of cigarette-smoking mothers ap- 
pears to be higher than is generally observed for the adult non- 
smoker. The amount of cotinine excreted in the infant's urine 
has been found to be correlated with the number of cigarettes 
smoked by the mother in the 24 hours preceding the measurement 
(Greenberg et al., 1984). 

The analysis of nicotine and cotinme in physiologic fluids can 
be misleading if made on very light smokers or nonsmokers who 
either sniff tobacco or are tobacco chewers or snufF-dippers. In the 
case of the very light smoker, nicotine and cotinine values may be 
similar to those of nonsmokers who had exposure to high levels of 
ETS (Russell and Feyerab^nd, 1975; Wald et al., 1984), In the 
case of individuals who use tobacco nasally, or orally, on a regular 
basis, the nicotine and cotinine values may approach those of 
heav; cigarette smokers (Russell et al., 1980; Russell et al., 1981; 
Palladino et al., in press). In both groups, the analysis of COHb 
will reveal that these subjects are light smokers or nonsmokers, 
respectively. However, nicotine and cotinine levels for such persons 
are clearly not valid for the determination of their exposure to 
ETS. 
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TABLE 8-2 Nicotine Uptake by Nonsmokers Exposed to ETS Under Daily Life Conditions" 







No. of 








Group of 


Nonsmokers 






Authors 


Nonsmokers 


Examined 


Results 




Russell and Feyerabend, 1975 


Hospital employees 
(urine collection 1 h after lunch) 






ng/ml 




(a) Group 1 


14 


Nicotine in urine: 


12.4 ± 16.9 




(b) Group 2 


13 


Nicotine in urine: 


8.9 ± 9.1 


Fcyerabcnd et al., 1982 


Hospital employees and outpatients 






ng/ml 




(a) nonexposed to ETS during the morning 


30 


Nicotine in the urine: 


7.5 ± 8.5 




(self report) 




Nicotine in saliva: 


5.9 ± 4.4 




(b) exposed to ETS during the morning 




Nicotine in urine: 


21.6 ± 28.9 




(self report) 




Nicotine in saliva: 


lO.I ± 9.7 


Foliart ct al.. 1983 


Flight attendants 


6 


Nicotine in serum: 


ng/ml 




(San Francisco-Tokyo-San Francisco) 




(a) before flight 


1.6 T 0.8 








{h^ after flight 


3.2 ± 1.0 


waia et al.« I9o4 


Hospital staff and outpatients 




ng/ml 




(a) nonexposed to ETS 


22 


Cotinlne In urine: 


2.0 (0.0-9.3) 




(b) exposed to ETS (self report) 


199 


Cotlnine in urine: 


6.0(1.4-22.0) 
ng/ml 


Wald and Ritchie, 1984 


(a) husbands of nonsmokers 


101 


Cotinlne in urine: 


8.5 ± 1.3 


Jarviset al.« 1983 


(b) husbands of smokers 


20 


Cotinlne in urine: 


25.2 ± 14.8 


Employees in an office, sample 
collection at 1 1:30 a.m. (I) and 7:45 p.m. (II) 


7 


ng/ml 


Before After 
I II 




(time betvveen collections including 2*li stay 




Nicotine in plasma: 


0.76 2.49 




in smoking **pub**) 




Nicotine In saliva: 
Nicotine In urine: 


1.90 43.63 
10.51 92.63 
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Cotlnine in plasma: 


1.07 7.33 






Cotinlne In saliva: 


1.50 8.04 








Cotlnine In urine: 


4.80 12.94 



to 



Jarvis et al., 1985 



Matsukuraet al.. 1984 



Grcenberg ct al.. 1984 



Nonsmoking school children (11-16-yr-oId) 



I. Neither parent smoked 269 

II. Only father smoked 96 

III. Only mother smoked 76 

IV. Both parents smoked 128 
472 nonsmokers 

Urine collection in the morning 

(a) smokers in home 272 

(b) nonsmokers in home 200 
Cigarettes smoked per day in home of 

nonsmokers 

1-9 25 

10-19 57 

20-29 99 

30-39 38 

>40 28 

Unspecified 25 
Infants under lO months of age 
(not breastfed) 

(a) not exposed to ETS 18 

(b) exposed to ETS 28 



"Abbreviations: cot., cotinine; creat., creatinine; nic, nicotine. 



(Differences between I and II are statistically 
highly significant; p values range from 
<0.01 to <0.001) 
ng/ml 



Cotinine in saliva: 
Cotinine in saliva: 
Cotinine in saliva: 
Cotinine in saliva: 



0.44 ± 0.68 
1.31 ± 1.21 
1.95 ± 1.71 
3.38 ± 2.45 



/4g cot./mg creat. 



0.79 ±0.1 
0.51 ± 0.09 



/ig cot./mg creat. 



0.31 ± 0.08 
0.42 ± O.iO 
0.87 ±0.19 
1.03 ± 0.25 
1.56 ± 0.57 
0.56 ±0.16 



CO 



Urine ng nic. 
Urine ng nic. 
Saliva ng nic. 
Urine ng nic. 
Urine ng cot. 
Saliva ng nic. 
Saliva ng cot. 



/mg creat. 
/mg creat. 
./mg creat. 
/mg creat. 
/mg creat. 
/mg creat. 
/mg creat. 



0 (0-59) 
4(0-145) 
0 (0-3) 
53 (0-370) 
351 (41-1,885) 
12.7(0-166) 
9 (0-25) 
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TABLE 8-3 Approximate Relations of Nicotine as a Parameter Between 
Nonsmokers, Passive Smokers, and Active Smokers^ 

Nonsmokers without Nonsmokers with 

ETS Exposure ETS Exposure Active Smokers 

No. = 46 No. = 54 No. = 94 



% of Active % of Active 

Mean Smokers' Mean Smokers* 
NIcotine/Cotinine Value Vj»lue Value Value Mean Value 



Nicotine (ng/ml) 



in plasma 


1.0 


7 


0.8 


5.5 


14.8 


in saliva 


3.8 


0.6 


5.5 


0.8 


673 


in urine 


3.9 


0.2 


12.1* 


0.7 


1,750 


Cotinine (ng/ml) 












in plasma 


0.8 


0.3 


2.0* 


0.7 


275 


in saliva 


0.7 


0.2 


2.5** 


0.8 


310 


in urine 


1.6 


0.1 


IJ** 


0.6 


1.390 



^'Differences between nonsmokers exposed to ETS compared with nonsmokers without ex* 
posure: *p < 0.01; **p< 0.001. 

SOURCE: Jarviset al.. 1984. 



Cotinine elimination in the plasma of nonsmokers exposed 
to ETS was reported to be slower than cotinine elimination in 
the plasma of active smokers. Cotinine elimination from urine 
was also significantly slower. In a study of 10 chronic smokers 
and 4 nonsmokers experimentally exposed to ETS, the halMife of 
elimination of cotinine firom plasma was 49.7 hours in nonsmokers 
and 18.5 hours in smokers (Sepkovic et al., 1986). Disappearance 
of cotinine from urine was also significantly slower in nonsmokers 
than in chronic smokers (32.7 hours versus 21.9 hours). These 
preliminary data need to be considered when using cotinine to 
quantify the dose in nonsmokers exposed to ETS. 

In sunmiary, the determination of nicotine and, espec^uay, of 
cotinine in saliva, blood, and/or ume of nonsmokers exposed to 
ETS represents at present the most appropriate assay for estimat- 
ing long-term (average daily) exposure. However, venipuncture 
needed to get serum samples is often impractical, if not impos- 
sible. The use of saliva for nicotine and cotinine assays, despite 
some advantages, also has certain inherent weaknesses, such as 
uncharacteristically high readings immediately after heavy ETS 
exposure and the need to w?it several hours after exposure for the 
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cotinine concentration to stabilize (Hoffmann et al., 1984). Saliva 
is a particularly erratic source on which to make nicotine measures. 
Urinalysis for cotinine is the preferred method for assessment of 
long-term ETS exposure, because the sampling is noninvasive, the 
excretion rate of cotinine is only slightly dependent on the pH of 
urine, and assessment of the average daily exposure on the ba- 
ds of cotinine levels is independent of the restrictions posed by 
variations of the half-life of nicotine in smokers and nonsmokers 
(Beckett et al., 1971; Klein and Gorrod, 1978). 

Creatinine — ^Reference Compound for Urine Analysis 

Urine sampling does have some associated problems. Often it 
is impractical to collect 24-hour urine samples for the analysis of 
biological markers of direct exposure to tobacco smoke or to ETS 
unless undertaken under strict medical supervision, such as in a 
metabolic ward. In this case, the ratio of biological markers to 
creatinine is often used to allow for variations in fluid intake (and 
excretion) (see Table 8-1). 

Creatinine excretion varies from person to person, but the 
ddly output for each individual is ahnost constant from day to 
day. Urinary creatinine bears a direct relation to the muscle mass 
of the individual. The milligram amount of creatinine excreted 
during 24 hours per kilogram of body weight is often expressed as 
the creatinine coefficient. The coefficient varies from 18 to 32 in 
men (total excretion 1.1-3.2 g/day) an.l from 10 to 25 in women 
(total excretion 0.9-2.5 g/day). The coefficient is largely indepen- 
dent of variations in diet, since creatinine in healthy persons is of 
endogenous origin. In older people, the daily output of creatinine 
may decrease to 0.5 g/day. In cigarette smokers, urinary output 
of creatinine in men appears to decrease with greater number of 
cigarettes smoked per day (Adlkofer et al., 1984). However, this 
finding needs to be confirmed. 

Based on the variations in daily creatinine excretions in the 
urine, one has to be aware of the limitation of the factor "amount of 
biological marker per milligram of creatinine." In a study with 15 
adult male cigarette smokers, the daily creatinine excretion varied 
between 1.0 and 2.5 g and the cotinine excretion between 1.3 and 
13.1 mg (Hoffmann and Brunnemann, 1983). Ho vever, in certain 
cases, such as with healthy infants, the daily variations in urinary 
excretion are rather small. Thus, the measured nanograms of 
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cotinine per milligram of creatinine in urine reflect the inhalation 
of environmental nicotine from ETS rather well (Greenberg et al., 
1984). 

For the determination in urine, creatinine is complexed with 
picric acid and the resulting red color is measured spectrophpto- 
metrically, a task now predominately done with an autoanalyzer 
(Faulkner et al., 1976). 

Although the determination of cotinine in urine without refer- 
ence to creatinine has resulted in meaningful data in some studies, 
the standardized cotinine levels per unit of creatinine may give a 
more stable measure of ETS exposure — particularly when limited 
urine samples must be used. 

Hydroxyproline 

Inhalation of nitrogen dioxide causes degradation of lung col- 
lagen and elastin (Koemidar et al., 1972; Hatton et al., 1977). This 
degradation results in elevated urinary excretion of hydroxyproline 
(Lewis, 1980). It is thus possible that the NO2 in tobacco smoke, 
and even NO3 in ETS, has the same lung-damaging effect as pure 
NOs. 

Kasuga et al. (1981) reported two studies in which healthy 
cigarette smokers ex'^^eted significantly more hydroxyproline than 
healthy nonsmokers ^d exsmokers. In the case of 6- to 11-year-old 
children of smoking parents, Kausga et al. (1981) found elevated 
hydroxyproline levels in the urine. Because of the relatively low 
concentration of NO2 in ETS (see Chapter 2), this finding was 
unexpected. Adlkofer et al. (1984) were unable to confirm this 
finding in a study of 23 nonsmokers exposed to ETS. 

At present, the questic a of quantitative aspects of urinary 
hydroxyproline excretion in nonsmokers exposed to ETS is not 
settled. It will require additional studies before this compound 
and its ratio to creatinine can be used sus indicators for the degree 
of ETS exposure. 

JV-Nitrosoproline 

iV-ritrosoproline (NPRO) in urine reflects endogenous forma- 
tion of nitrosamines, many of which are known animal carcinogens 
(Pieussmann and Steward, 1984; Vainio et al., 1985). NPRO ap- 
pears neither to undergo metabolism in mammals nor to alkylate 
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cellular macromolecules. NPRO is considered to be nonmuta- 
genie and noncarcinogenic and is excreted nearly quantitatively in 
urine. It has been shown that endogenous formation of NPRO is 
significantly increased in cigarette smokers (Hoflftnann and Brun- 
nemann, 1983; Ladd et al., 1984; Scherer and Adlkofer, in press). 
The increase is probably due to the high concentrations of nitrogen 
oxides in tobacco smoke that serve as nitrosating agents and the 
elevated concentration of thiocyanate in smokers that catalytically 
enhance the endogenous formation of nitrosammes such as NPRO. 
These eflFects are absent in nonsmokers without ETS exposure. 

In one 5-day study, four male nonsmokers with controlled di- 
ets were exposed to known degrees of ETS for three periods of 
80 minutes each on day 3 and day 4. Their 24-hour urine voids 
were analyzed for NPRO and for cotinine. While the cotinine lev- 
els in the urine of these nonsmokers increased from 5-7 ng/ml to 
215-360 ng/ml, the NPRO excretion did not significantly change 
(Brunnemann et al., 1984). In another controlled study with 10 
nonsmokers exposed to ETS containing 45 ppb of NO2, 400 ppb 
of NO, and 22 ppm of CO, urinary output of NPRO was also 
not elevated while COHb had increased significantly (Scherer and 
Adlkofer, in press). Although these two studies require confirma- 
tion and should include analytical assessment of nitrosothioproline 
(NTPRO) (Tsuda et al., 1986), another endogenously formed ni- 
trosamine, at present neither NPRO nor NTPRO measurement in 
urine can be used to indicate exposure to ETS. 



Aromatic Amines 

During the burning of cigarettes, 20-30 times more aromatic 
amines are released into the sidestream smoke than are present 
in the mainstream smoke (see Chapter 2). Although at this time 
there is a lack of analytical data, it may be assumed that indoor 
environments that are strongly polluted with ETS contain measur- 
ably higher amounts of aromatic amines than ambient air without 
tobacco smoke pollution. 

Preliminary data indicate that free aniline and o-toluidihe, 
serving as surrogates for aromatic amines, are increased, although 
not significantly, in the 24-hour urine voids of cigarette smokers 
(3.1 ± 2.6 ^g and 6.3 ± 3.7 fig) compared with nonsmokers (2.8 
± 2.5 fig and 4.1 ± 3.2 fig) (El-Bayoumy et al, in press). The 
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next step requires the assay of the metabolites of aniline and o- 
toluidine in the urine of both smokers and nonsmokers. A study of 
the urinary excretion of aromatic amines in passive smokers would 
be indicated only if the total amounts of individual amines and 
their metabolites in smokers* urine are found to be significantly 
increased. 



GENOTOXICITY OF THE URINE 

The evaluation of the geno toxicity of urine in nonsmokers with 
ETS exposure must consider the possibility of confounding effects, 
because DNA modifiers may be present in urine as a consequence of 
dietary intake or as a secondary result of the activity of infectious 
agents in the urine of the host. Nevertheless, urinary constituents 
may be DNA modifiers, because the inhaled agents are known 
or suspected mutagens or because the inhaled agents lead to the 
formation of such biological^ active compouD^^s. 

Since 1975, the most widely used assay for genotoxicity of 
human urine is the determination of mutagenicity in bacterial- 
tested strains with and without activation by enzyme-induced 
liver homogenate. 

In 1977, Yamasaki and Ames reported the presence of mu- 
tagens in the urine of cigarette smokers, thus suggesting a cor- 
relation between mutagens in smokers' urine and increased risk 
for bladder cancer. Since publication of these datr>, other studies 
have reported an association of urinary mutagei^s that are active 
in bacterial tester strains with cigarette smoking (International 
Agency for Research on Cancer, 1986), but not all results from 
these studies have been consistent. One reason for the divergent 
findings could be the influence of dietary factors on the mutagens 
in the urine of smokers (Sasson et aL^ 1985) and, perhaps also, 
nonsmokers exposed to ETS. 

Three studies have attempted to explain the possible muta- 
genic activity of the urine of nonsmokers exposed to ETS. In one 
study, fractions and subfractions were isolated by high-pressure 
liquid chromatography (HPLC) from the urine of five passive 
smokers. Upon metabolic activation by S9 liver homogenates from 
rats pretreated with 3-methylcholanthrene, these materials were 
mutagenic in TA-bacterial tester strains (Putzrath et al., 1981). 
It appeared that thes3 mutagens are a complex mixture of urinary 
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components in the polar lipophilic subfractions. Due to a lack of 
diet control, these results are ambiguous. 

In a second assay of urine for bacterial mutagenicity, 8 male 
nonsmokers (25 and 35 years of age) were placed in a poorly ven- 
tilated room (10 m^) with 10 smokers for an 8-hour period (Bos 
et al., 1983). The 12-hour urbe samples of the nonsmokers were 
collected before, during, and after exposure to ETS. Metabol- 
ically activated concentrates of the urine saruples were analyzed 
for mutagenic activity in the tester strain, TA 1538. Urine samples 
collected directly after exposure to ETS were significantly more 
mutagenic (relative activity: 3.9 ± 1.0) than urine samples of the 
same nonsmokers pric>f to (3.1 ± 0.7) or long after ETS exposure 
(2.5 ± 0.5). ^ 

In the third study, six women who were medical students were 
exposed to ETS in a 10-m^ exposure chamber on 2 consecutive 
days for one 3->hour session in the mornings and a 2-hour session in 
the afternoons. During these sessions, three of the women smoked 
a total of 30 cigarettes per day of a low-yield filter-tipped brand 
(5.4 mg tar, 0.4 nicotine, 4.6 mg CO); the other three women did 
not smoke. After 3 days without exposure and without cigarette 
smoking by any of the women, the exposure was repeated with 
reversal of the roles, so that those who had previously been non- 
smokers now were smokers, and vice versa. The CO concentration 
in the chamber averaged 3.0 ± 0.9 ppm. The uptake of smoke was 
assessed by determination of COHb, cotinine, and thiocyanate in 
the plasma. Urine samples were collected at the end of the daily 
smoking periods. Urine was concentrated according to Yamasaki 
and Ames (1977) and tested for mutagenicity with tested strain 
TB98 using rat liver homogenate for metabolic activation (Sorsa et 
al., 1985). As is evident from the data in T^ble 8-4, COHb values 
for nonsmokers and passive smokers were indistinguishable, while 
there w&. a trend for higher plasma cotinine values in the passive 
smokers. The authors observed an irxrease in the mutagenicity 
of the urine of passive smokers during the period of study. The 
differences observed were not significant. 

On the basis of presently uvailable data, it is likely that the 
exposure of nonsmokers to heavy ETS increases the potential for 
metabolically activated genotoxic activity of their urine above 
and beyond the mutagenic activity that is observed in urine of the 
same nonsmokers before and long after exposure to ETS. However, 
before validating the Ames bacterial assay for mr.tagenicity as an 
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TABLE 8-4 Pooled Data of Various Biological Parameters Measured in Blood and Urine of Six Subjects After Periods 
of Nonsmoking, Passive Smoking, and Active Smoking 



COHb 



Plasma Cotinine 



Plasma Thiocyanale 



Mutagenicity in Urine 



Exposure 



Number 

of Mean 
samples % 



± SE, 



Number 
of 

samples 



Mean ± SE. 
ng/ml 



Number 
of 

samples 



Mean ± SE, 
/imol/L 



Number 
of 

samples 



Mean ± SE, 
number of induced 
revertants/ml 



No smoking 
Passive smoking 
Active snaking 



12 
12 
12 



0.57 ± 0.04*' 12 
0.55 ± 0.05" 12 
3.38±0.S4 12 



1.4 ± 0.2 
2.1 ± 0.4^^ 
54.4 ± 11.4 



12 
12 
12 



70.8 ± 9.9 
71.8 ±9.9 
70.7 ± 10.2 



12 



24 



4.2 ± 1.2 
5.8 ± 1.0 
6.4 ± 0.8 



"Values below the detection limit (0.5%) included as 0.4%. 

^Difference between nonsmoking and passive smoking values not s' ^nificant but suggestive (p <0.10; t-test). 
SOURCE: Sorsa et al.» 1985. 
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appropriate method for estimating the genotoxic effect of the urine 
of ETS-exposed nonsmqkers, the method itself and the diet of test 
subjects have to be standardized. Research in this area is needed, 
as are studies on the isolation and identification of the active 
agents in the urine of ETS-exposed nonsmokers. 



Adducts Formed in Passive Smokers 
upon Exposure to ETS 

Since about 1975, highly sensitive methods have been devel- 
oped for the determination of protein- or DNA-adducts of environ- 
mental carcinogens and toxic agents in circulating blood. Meth- 
ods probing these reactions for the toxic agents known to occur 
in tobacco smoke and ETS include determination of hemoglobin 
adducts of nitrosodimethylamine, methyl chloride, vinyl chloride, 
and benzene (National Institute of Environmental Health Sciences, 
1984), as well as 4-aminobiphenyl (Green et al., 1984). DNA 
adducts with the smoke carcinogen, benzo[a]pyrene (BaP), have 
been described (Santella et al., 1985), and the tobacco-specific 4- 
(i\r-methyl-i\r-nitrosammo)-l-(3-pyridyl)-l-butanone (NNK) leads 
to Q^-methylguanine in DNA (Hoffmann and Hecht, 1985). RIA's 
have been developed for quantitative determination of both the 
BaP-DNA adduct and O^-methylguanine (Perera et al., 1982; 
Foiles et al., 1985). So far, the method for the determination of the 
DNA adducts has been applied to the analysis of benzo(a]pyrene in 
smokers (Shamsuddin et al., 1985). In addition, the hemogIobin-4- 
aminobiphenyl assay has been used for the analysis of the blood of 
smokers (Tannenbaum et al., in press). In both cases, only a lim- 
ited number of samples have been analyzed for these adducts. Nev- 
ertheless, the data appear encouraging. Another sensitive method 
for quantifying DNA adducts is the P^^-postlabelling techaique, 
which has been applied to human tissues (Gupta et al., 1982; 
Everson et al., 1986). 

Validation and quantitative determination of the uptake of 
tobacco smoke carcinogens is urgently needed. Assays of adducts 
of BflP, aromatic amines, and tobacco-specific nitrosamines with 
protem or DNA in the circulating blood are the most promising 
tests of exposure to tobacco smoke. Once such assays have been 
advanced to yield reproducible, informative methods in smokers, 
they may be subsequently refined to such sensitivities that they 
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will also furnish reliable data on such adducts in the blood of 
passive smokers. 

FUTURE NEEDS 

At present, the best method for quantifying human exposure 
to ETS is the assay of nicotine and cotinine in urine and possi- 
bly saliva. Nicotine and cotinine can also be determined in serum 
samples, but these samples require invasive techniques. In smoke- 
polluted environments, nicotine is present in the vapor phase as a 
free base, thus its uptake by the passive smoker may not be rep- 
resentative of the uptake of acidic and neutral smoke components 
from the vapor phase nor of any component in the particulate 
phase. Thus, future studies should be concerned with develop- 
ing techniques to measure the uptake by the nonsmoker of various 
other types of tobacco-specific ETS components. This may include 
assays for the vapor-phase 3-vinylpyridine or flavor components 
that are indigenous to tobacco. Particulate-phase agents to be 
traced could include solanesol, tobacco-specific nitrosamines, and 
polyphenols such as chlorogenic acid or rutin. These components 
are likely to be found only in trace amounts in ETS, and, thus, 
only minute quantities would be found in the circulating blood 
of passive smokers, making the development of assays difHcult. 
The development of new trace methods for quantifying the levels 
of some tobacco-specific materials in nonsmokers may require the 
identificc^iion of adducts formed between the ETS components and 
the proteins in blood. This approach would require the develop- 
ment of highly sensitive methods such as immunoassays (e.g., TdA, 
ELISA) or postlabelling with radioisotopes or other markers. 

The epidemiological studies on the effects of exposure to ETS 
by nonsmokers have to consider a number of non-ETS-related 
factors. This fact underlines the urgent need for the development 
of highly sensitive dosimetric methods for ETS-specific carcinogens 
that can be applied in field studies. 

SUMMARY A1\TD RECOMMENDATIONS 

Passive smokers are exposed to trace amounts of toxic agents 
including tum< • initiators, fcumor promoters, carcinogens, and 
organ-speci^c carcinogens when inhiding ETS. The determination 
of thiocyanate, nicotine, and cotinine in body fluids such as saliva 
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serum, and urine, as well as quantitication of CO in alveolar air and 
COHb in blood, has been useful for the assessment of the habits of 
individuals and groups of smokers of cigarettes, cigars, and pipes. 
Currently, for measuring the exposure to ETS by nonsmokers, 
nicotine and cotinine appear useful. In acute exposure studies, 
COHb can be a useful marker. 

Nicotine and cotinine, however, may not be directly related 
to the carcinogenic potential of the smoke. Indicatois that are 
related to the carcinogenic risk are needed. To assess the risks 
involved in the exposure to carcinogenic agents from ETS, sensitive 
dosimetry methods for tobacco-specific compounds are urgently 
needed. During the last decade, immunoassays and postlabelling 
methods have been developed for tracing toxic and carcinogenic 
agents in circulating blood. These methodologies should be used 
for the development of dosimetry studies in nonsmokers exposed to 
ETS. Protein and DNA ad ducts may provide exposure measures 
that could be effectively used in epidemiologic studies. 



What Is Known 

1. Determinations of thiocyanate, nicotine, and coOinine in 
saliva, serun^,, and urine, as well as quantification of CO in alveolar 
air and carboxyhemoglobin in blood, have been shown to be useful 
parameters for the assessment of the habits of individuals and 
groups of active smokers of cigarettes, cigars, and pipes. However, 
in general, only nicotine and its metabolite cotinine have proven 
useful for measuring the exposure to ETS of nonsmokers. 

2. Assessment of average daily exposure on the basb of cotinine 
levels in saliva and urine is independent of the restrictions posed by 
variations of the half-life of nicotine in smokers and nonsmokers. 

3. The determination in urine of the amount of cotinine per 
milligram of creatinine should provide a more stable measure of 
recent environmental exposure to nicotine from ETS than cotinine 
without reference to creatinine, particularly when limited volumes 
of urine are available. 

4. It is likely that the exposure of nonsmokers to ETS increases 
the mutagenic activity of their urine over the activity observed in 
urine of the same nonsmokers when not exposed to ETS. 



164 



154 



What Scientific Information Is Missing 

1. The question of urinary hydroxyproline excretion in non- 
smokers exposed to ETS is not settled. 

2. A study on the urinary excretion of aromatic amines in 
nonsmokers exposed to ETS is needed in order to correlate the 
total amounts of individual amines and their metabolites in the 
urine of nonsmokers exposed to ETS. 

3. Where exposure histories can be specified clearly, validation 
of the use of adduct assays to determine and quantify uptake of 
tobacco smoke carcinogens is needed. 

4. Information is needed on certain tobacco-specific constitu- 
ents and their fate in the ETS-exposed nonsmoker, including 
solanesol, tobacco-specific nitrosamines, and polyphenols such as 
chlorogenic acid or rutin. 

5. Knowledge of the levels of nitrosothioproline following ex- 
posure to ETS as well as nitrosoproline is needed. 

6. Knowledge of the effects of diet is needed when interpreting 
results of the Ames bacterial assay for mutagenicity of the urine 
of ETS-exposed nonsmokers. 

7. Identification of the mutagenic agents in the urine of JJTS- 
exposed nonsmokers needs to be made. 

8. Future studies should be concerned with methodologies that 
enable us to assay the uptake by the nonsmoker of various other 
types of ETS components that are tobacco-specific. 

9. New trace methods will have to be developed for dosimetry 
studies of carcinogens involving adducts (DNA and protein) and 
the development of highly sensitive'methods such as immunoassays 
or pcstlabelling for other products. 

10. The epidemiological studies on the effects of ETS exposure 
in nonsmokers should consider a number of non-ETS-related fac- 
tors. This fact underlines the urgent need for the development 'f 
highly sensiti*^e dosimetric methods for ETS-specific carcinogens 
that can be appiied in field studies. 
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Introduction 



Epidemiologic and experimental studies ^eek to determine if 
a relationship exists between a particular exposure and particu- 
lar health effects. When the exposure is via the air, as is the 
case with environmental tobacco smoke (ETS) exposure to non- 
smokers, the organs that are directly exposed include the eyes, 
nose, throat, and lungs. Clinical, epidemiologic, and animal stud- 
ies have shown, generally speaking, that air pollutants can have 
major healtl: effects on the respiratory system (National Research 
Council, 1985). Experimental research using animals (Chapter 3) 
and research with biological markers in humans (Chapter 8) in- 
dicate that various constituents of the smoke are absorbed into 
the blood and, therefore, are transported to organs and tissues 
of the body. Consequently, the range of possible health effects of 
exposure to ETS may be very broad and vary enormously in their 
effect on the individual. Effects may be reversible or irreversible, 
discomforting, or life-threatening. 

In the following chapters, several possible health effects that 
have received substantial attention are reviewed. Many of the 
health effects associated with active smoking have been evalu- 
ated in if^tudies of nonsmokers exposed to ETS. These include: 
acute, noxious sensory irritation; nonmalignant respiratory symp- 
toms and disease; decrease in pulmonary function; lung and other 
cancers; cardiovascular disease; relative growth, ear infections in 
children; and low birthweighti of children of nonsmoking women. 

Nonsmokers commonly complain of the perception of tobacco 
smoke and its irritating, noxious, or annoying qualities. However, 
in most such spontaneous instances, these complaints are voiced 
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because the subjects can see another person actively smoking 
in their vicinity. Chapter 10 reviews experimental studies that 
evaluate these acute comfort aspects under controlled conditions. 

Chapters 11 and 12 assess and evaluate possible nonneoplastic 
and neoplastic pulmonary effects of exposure to ETS by nonsmok- 
ers. Over the past 15 years, a number of studies in children and in 
adults have assessed various possible acute and chronic pulmonary 
effects subsequent to long-term exposure to ETS. Individuals who 
have chronic lung diseases, such as patients with asthma, alpha-1- 
antitrypsin deficiency, or cystic fibrosis, are potentially hypersen- 
sitive to the effects of ETS exposures. 

Chapter 13 reviews and evaluates reports of cancers other than 
lung that may be associated with exposure to ETS in nonsmokers. 

Chapter 14 discusses the possible association of exposure to 
ETS with chronic and acute cardiovascular responses and cardio- 
vascular disease? in nonsmokers. Individuals with chronic disease 
that compromise che cardiovascular system, such as patients with 
a history of angina pectoris, are at a high risk for developing 
abnormal cardiovascular responses following exposure. 

Chapter 15 considers evidence that a number of other health 
effects are linked to ETS exposure in children of smokers, includ- 
ing lower relative growth, frequency of ear infections, and low 
birthweight (with nonsmoking pregnant mothers). 

The studies reviewed here are epidemiologic and experimen- 
tal. Epidemiologic studies include case-control studies, in which 
subjects are selected according to whether or not they have the 
health outcome being studied, and cohort (or prospective) studies, 
in which subjects are classified according to whether or not they 
have been exposed to ETS. Cross-sectional studies are those in 
which an assessment is made of a population at one point in time. 
Longitudinal studies follow a group of persons over time. In ex- 
perimental studies, subjects are exposed to ETS under controlled 
conditions often using chainber studies. Most studies of ETS have 
been cross-sectional rather than longitudinal. To be informative, 
a study must evaluate a sufficient nun^ber of people to provide a 
precise estimate of the effect; obtain valid information regarding 
the history of exposure and health status of the individuals; and, of 
course, the statistical analyses must be appropriate to the study 
design. The appropriate design and use of these epidemiologic 
methods for the study of air pollution and possible health effects 
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are discussed in general terms in the monograph "Epidemiology 
and Air Pollution** (National Research Council, 1985). 
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Sensory Reactions to 
and Irritation Effects of 
Environmental Tobacco Smoke 



In this chapter, the eicute sensory reactions from exposure to 
ETS Sire discusst;d. These reactions include perception of odor 
and irritation of eyes and upper airways. Methods for evaluat- 
ing these psychosensory phenomena include controlled chamber 
studies, where ventilation and smoking rates are manipulated and 
evaluated in terms of reported perception by a small number of 
subjects. 

ODOR 

The perception of odor is often the earliest indicator of ex- 
posur » to many airborne contaminants, but not for all. For some 
individuals, odor may merely be a nuisance. For others, odor is an 
early indicator of a complex reaction to exposure to ETS involving 
allergic and other physiologic responses. 

Considerations of sensory reactions have a central role in the 
oe/elopment of guidelines for ventilation requirements for occupied 
spaces. The amount of ventilation, or number of air exchanges, 
needed to eliminate unacceptable odors and irritation commonly 
exceeds that required to meet any other needs, such as control of 
carbon dioxide. For a number of years, quite apart from concerns 
about possible adverse health from exposure to ETS, ventilation 
engineers have viewed ETS as the most problematic common in- 
door contaminant (Leonardos and Kendall, 1971). 

Efforts to derive functional relationships between the amount 
of a contaminant generated in a space and the amount of outdoor 
air, i.e., ventilation, necessary to control its odor began in the 
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AIR SPACE PEF PERSON (m^) 
5 [0 15 20 




AIR SPACE PER PERSON (CU. FT.) 

FIGURE lO-l Relationships between ventilation rate and air space per 
person in an environmental chamber according to three criteria: (A) main- 
tenance of oxygen concentration; (B) control of carbon dioxide to a level of 
0.6% (2.5 cubic feet per minute); and (C) control of body odor at a moderate 
level under sedentary conditions of occupancy, no smoking. 

1930s (Yagloii et al., 1936). Function C in Figure 10-^ h derived 
from experiments of Yaglou et al. (1936), where judges assessed the 
odor generated by occupants sitting quietly in an environmental 
chamber. The function depicts the combination of air space per 
person and ventilation rate of the air space (outdoor air) per 
person necessary to maintain odor at a moderate, acce; table level 
under steady-state conditions. Theoretical functions A and B, 
which fall below C, implying hss need for ventilation, represent 
the outdoor air needed to maintain oxygen at a minimum of 20% 
und the air necessary to hold carbon dioxide at a maximum 0.6%, 
respectively. 

The decrease in curve C at low occupancy density (large air 
space per person) resulted most likely from the instability of oc- 
cupancy body odor in Yaglou *s chamber. That is, occupancy 
odor decays relatively rapidly on own (Yaglou and Witheridge, 
1937; Clause .1 et al., 1984). Tobacco smoke odor, on the other 
hand, exhibits relative stability. When smoking has ceased in an 
unventilated room, the odor will remain at the about same level 
over many hours (Yaglou and Witheridge, 1937; Clausen et al., 
1985). In a diagram such as Figure 10-1, a function for toba'^xo 
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smoke odor, like functions A and B, would be independent of the 
size of the space or of air space per occupant. In this respect, 
tobacco smoke odor behaves as a simple contaminant and ventila- 
tion requirements for reducing tobacco smoke odor should depend 
strictly on rate of smoking. 

Twenty years after his study on occupancy odor, Yaglou 

(1955) reported a small experiment on tobacco smoke odor. Study- 
ing the very high smoking rate of 24 cigarettes per hour generated 
by six of nine occupants in his 1,410-cubic-foot chamber, he re- 
ported the need for 40 cfm (cubic feet per minute) per smoker, 
or 600 cubic feet per cigarette, in order to achieve moderate, ac- 
ceptable odor. At about the same time, Kerka and Humphreys 

(1956) , using similar psychophysical techniques, ee^timated the re- 
quirement at 2,250 cubic feet per cigarette, or 300 cfm per smoker 
smoking 8 cigarettes per hour. At a smoking rate of 2 cigarettes 
per hour, this would be 75 cfm per smoker. 

Recent results have estimated ventilation needs closer to those 
of Kerka and Humphreys (1956) than those of Yaglou (1955), but 
have also uncovered limitations on ventilation as a solution to the 
odor problems produced by ETS. Figure 10-2 shows how tobacco 
smoke odor varied over time for three smoking rates and various 
ventilation rates (Cain et al., 1983). The line connecting the open 
squares in the left panel depicts the level of odor generated by 
nonsmoking occupancy with low ventilation. It shows that even in 
the presence of higher ventilation rates, smoking generated more 
odor than simple occupancy. 

The psychophysical judges in the experiment, a mixed group of 
smokers and nonsmokers, assessed acceptability in addition to per- 
ceived intensity. Figure 10-3 shows the percent of dissatisfaction 
as a function of ventilation rate per cigarette. The ventilation rate 
that would lead to 20% of judges dissatisfied is 4,240 cubic feet per 
cigarette (shown by the vertical dashed line). Twenty percent dis- 
satisfied is the maximum level allowed by recommendation of the 
American Society of Heating, Refrigeration and Air-Conditioning 
Engineers (ASHRAE, 1981). On the realistic assumption that the 
percentage of people actually smoking in a space at any given time 
will equ^ about 10%, ventilation rate per person (smokers and 
nonsmokers) would need to be 53 cfm (see Figure 10-3) to reduce 
odors to a level that would satisfy 80% of the judges. 

Despite ASHRAE's goal of satisfying at least 80% of visitors 
to a space; none oi its recommendations for ventilation are as high 
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FIGURE 10-2 Intensity of odor during and after smoking in an environmental chamber for three 
different rates of cig ;rettes smoked per hour. Measurement of odor intensity was parts per million 
butane^ matched to the test odor according to ASTM standard E544-75. Each point represents 
judgments taken ovi^r a 15-minute period. From Caii; al. (a983) 
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FIGURE 10-3 Percent of judgments of unacceptable odor quality of air versus 
ventilation per cigarette and vimtilation per occupant, assuming that 10% 
of occupants ii a space will bo smoking at any time. Data from Cain et al. 
(1983). 

as 53 cfm psr occupant. For offices where smoking is allowed, 
the ASHRAE recommendation is 20 cfm per occupant. For many 
other smoking areas, however, the ASHRAE recommendation is 
35 cfm per occupant. Such recommendations did not result from 
experiment, but rather from a consensus procedure of expert heat- 
ing and refrigerating engineers that weighed available information. 
The bulk of the data on the acceptability of cdor and irritation 
fiom ETS was, not available at the time ASHRAE prepared its 
standard in 1981. The standard was, however, the first to specify 
the need for 4 to 5 times greater ventilation rates during smoking 
occup?incy as compared with nonsmoking occupancy. The most 
common rate specified for smoking occupancy is 35 cfm per oc- 
cupant, whereas 7 cfm per occupant is the most common rate 
specified for nonsmoking occupancy. This means that in a space 
where smoking is allowed, the pollution generated by smoking 
creates the greatest need for ventilation. 

According to the data of Cain et al. (/TSS) (Figure 10-3), 
ASHRAE*s proposed vei.tilation rate of 35 cfm per occupant dur- 
ing smoking will lead to 25% of visitors being dissatisfied (75% 
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satisfied) with the odor. Data suggest that the difference iix sat- 
isfaction between smoking and nonsmoking occupancy, and hence 
the difference in recommended ventilation rates, arises largely be- 
cause of the intensity of the odors (Figure 10-4), rather than the 
quality of the odors. At equal odor intensity, the occupancy odor 
and tobacco smoke odor are disliked about equally. 

An additional factor affecting annoyance with odor is that 
nonsmokers are much more likely than smokers to object to to- 
bacco smoke odor. Figure 10-5 depicts relative dissatisfaction with 
tobiicco smoke odor at various intensities, expressed in terms of 
equivalent levels of butanol. At 32 ppm (butanol level 2), 1% of 
smokers found the odor uneicceptable, while 20% of nonsmokers 
found it so. The odor had to rise to 256 ppm (level 5) before as 
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FIGURE 10-4 Percent of judgments of unaeetptahU odor quality of air versus 
odor intensity assessed by means of a graphic rating procedure during various 
conditions of sraoking and nonsmoking occupan;y. Bach point represents the 
outcome from a particular combination of contaminant generation (number 
of occupants or rate of smoking) and ventilation rate. Data from Cain e* al. 
(1983). 
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FIGURE 10-5 Percent of judgments of iinacceptahU odor quality of air 
derived from tobacco smoke odor related to equivalent level of butanol 
(parts per million at top; Iog2 at bottom). Judgments accumulated across 
all conditions of smoking (2,357 judgments). I^ft: Data from all visitors. 
Right: Data from smokers and nonsmokers plotted separately. Data from 
Cain et al. (1983). 

many as 20% of smokers found the odor unacceptable. In terms of 
Drr^ctical solutions to the odor problem caused by tobacco smoke, 
difference between smokers and nonsmokers may prove insur- 
mountable. Under usual levels of smoking, no realistic level of 
ventilation will drive tobacco smoke odor as low as the equivalent 
of 32 ppm butanol (butanol level 2). 

IR'AITATION 

Ventilating and air-conditioning engineers have cypically con- 
cerned themselves with the reactions of visitors to enclosed spaces 
on the assumption that visitors will exhibit more sensitivity than 
occupants. As society has become more concerned with the health 
risks of smoking in the recent past, research on consequences of 
ETS exposure has focused on the occupant. Included vithiri this 
concern have been the p«.nsory reactions of occupanttu 

Figure 10-6 illustr;^ s changes in tobacco smoke odor and irri- 
tation over time for oc^ pants. Whereas perceived odor magnitude 
may fade due to olfactory adaptation, irritation may increase. Alsr 
apparent in this figure is a relationship between relative humidity 
and odor or irritation perception. In the low relative humidity 
conditions, both odor and irritation were exacerbated. 
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Receptors for irritation exist throughout the nasal, pharyn- 
geal, and laryngeal areas and on the surface of the eyes. The 
receptors comprise free nerve endings of the fifth, ninth, and tenth 
cranial nerves and form the mediating elements of what is known 
as the common chemical sense. Although particularly sensitive to 
corrosive stimuli, the common chemical sense responds to almost 
any airborne organic material at high concentration (Cain, 1981). 

The common chemical sense (or irritation perception) is char- 
acterized by a tendency to respond more vigorously over time 
(Cometto-Muniz and Cain, 1984). A person in an environment 
with a low-level irritant may even fail to notice any irritation at 
first. Once irritation has begun, however, it may persist even after 
removal of the stimulus. 




1 2 3 4 5 
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FIGURE 10-6 Changes In odor and irritation during continuous, short-term 
exp ^sure *^o cigarette smoke generated in a chamber. Ventilation equalled 14 
cfm per cigarette and ambient temperature equalled 25^0. Relative humidity 
(RH) was 30% in one condition and 65% in the ucher* Adapted from Kerka 
and Humphreys (1956). 



ERLC 



182 



174 




•xposur« min •xpotur« mm 



FIGURE 10-7 Eye irritation related to duration of exposure and concentra- 
tion (parts per million carb m monoxide) of ETS. Left: Eye irritation index. 
lUght: Eye blink rate. Prom Weber (1984). 

Chamber Studie^j 

A number of chamber studies have examined irritation and 
odor from tobacco smoke (Weber et al., 1976a,b; Weber et al., 
1979a,b; Weber and Fischer, 1980; Murama.su et al., 1983; Weber, 
1984). The major findings include: 

• Irritation from ETS varies with both concentration (mea- 
sured as an increment in carbon monoxide as a surrogate for ETS) 
and time over long durations, as shown in Figure 10-7. 

• The eyes are the most readily affected site for irritation, 
with the nose second. 

• Rate of eye blinking correlates well with estimates of eye 
and nose irritation when the level of ETS is high (i.e., level of 
ETS such that the carbon monoxide concentration is at least 
5 ppm), though eye blinking seems a less sensitive index than 
psychophysical judgments (Figure 10-7). 

• Degree of annoyance (a composite index of impressions as * 
defined by Weber) reaches a steady state much more rapidly than 
irritation, presumably because odor contributes to rnnoyance. 

• Degree of annoyance depend almost entirely on the gas 
phase of ETS. Filtration of the particles is followed by only a 
small, though relatively constant, reduction in annoyance. 
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• 5ye irritation and increased eye blink rate depend almost 
entirel.v on the particulate phase of ETS. Particle filtration dimin- 
ishes the sense of irritation greatly. 

• Weber (1984) suggested that ETS corresponding to CO 
concentrations of 1.5 to 2.0 ppm should form the maximum permis- 
sible level of exposure in environmentally realistic circumstances. 
At about 2 ppm of CO, almost 20% of occupants report "strong" 
or "very strong" eye irritation. Cain et al. (1983) and Clausen et 
al. (1985) found that incremental CO concentrations of 1 to 2 ppm 
led io 20% of visitors becoming dissatisfied with the air. 

One of the more important issues with respect to control cf 
ETS is whether filtration of the particles will reduce discomfort. 
As indicated above, Weber and colleagues found only a small 
reduction of annoyance when they filtered the particles with Cam- 
bridge pads. Since thdr criteria for annoyance largely assessed 
odor, their data largely agree with those of Clausen et al. (1985), 
who found that electrostatic precipitation of the particles caused 
no significant reduction in odor perceived by visitors to a cham- 
ber. Nevertheless, Weber and associates did find that filtration 
reduced reported eye irritation considerably. This led them to 
draw the conclusion that eye irritation derived largely from the 
particulate phase of ETS. Cain et al. (in press), on the other hand, 
found only a slight reduction of irritation following electrostatic 
precipitation of the particles. This disparity suggests the need Tor 
a more direct cc:nparison of the sensory effects of the two filtration 
methods and for chemical analysis in order to determine whether 
Cambridge pads remove a vapor-phase constitutent of ETS that 
is left airborne by electrostatic precipitation. 

Field Studies 

Winnecke et al. (1984) argued that when people engage in so- 
cial eictivities (e.g., playing cards or games) they ' ^ome somewhat 
less critical of the en>'ironment and will tolerate a level correspond- 
ing to more than a 5-ppm increment in CO. It is suggested that 
when undistracted, occupants of chambers in experimental studies 
might complain about circumstances that would go unnoticed in 
life situations. On the other hand ^'rritation may prove relatively 
resistant to distraction. Restaurants ^ould seem to oue: a realistic 
proving ground for the interpretation of the chamber studies. 
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Weber et al. (ie79a) found that more than 20% of occupants 
in restaurants included in a Zurich study reported eye irritation 
when CO, used as a surrogate for tobacco smoke levels, mcreased 
by 2 ppm above background. There was a direct relationship 
between reported irritation and CO concentration in four restau- 
rants surveyed. In a study of more than 40 workrooms, Weber 
and Fischer (1980) also found a similar association between the 
concentration of CO and reported eye irritation. 

Judgments of dissatisfaction, whether taken inside a chamber 
or in the field, may well vary as the social acceptance of cer- 
tain odors, mcluding ETS, changes with time. For this reason, 
judgments of some attribute, such as eye irritation, or judgments 
of odor intensity, particularly those that entail a reference such 
as butanol, should form the information of interest for long-term 
considerations. Dissatisfaction measures may be more variable. 

HYPERSENSITIVE INDIVIDUALS 

Individuals with chronic lung diseases, such as asthma and 
vasomotor rhinitis, may be more sensitive to ihe acute irritating 
effects of exposure to ETS (see Chapter 11). In addition, many 
people without active diseases report allergic or allergic-like symp- 
toms as a result of exposure to ETS (e.g., Speer, 1968; Zussman, 
1974). Reported symptoms include eye irritation, nasal symptoms, 
headache, cough, wheezing, sore throat, and nausea. The percent 
of people who report these responses varies with the nature of 
the exposure. These reports have led to the belief that a tobacco 
smoke allergy may exist. 

Several investigators have studied immediate cutaneous hv- 
peibensitivity to extracts of tobacco leaves. Zussman (1974) found 
that 16% of 200 atopic patients reported that they were clinically 
sensitive to ETS exposure. All of them did develop erythema dur- 
ing the intradermal tests. Becker et al. (1976) found that one-third 
(11 out of 31) of human volunteers, including smokers, exhibit hy- 
persensitivity to a glycoprotein purified from cured tobacco leaves 
(TGP-L) and from cigarette smoke condensate (TGP-CSC). Re- 
ports of immediate skin reactivity suggest an inmiunological basis 
for clinical sensitivity to tobacco r^moke. 

Tobacco smoke has been shown to contain immunogens that 
can stimulate immune responses to tobacco leaf extract in experi- 
mental animals (Lehrer et al., 1978; Becker et al., 1979; Gleich and 
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Welsh, 1979). However, the extracts differ and there is controversy 
concerning the purity of tobacco glycoprotein isolates (Becker et 
al., 1981; Bick et al., 1981). 

In a recent study of Lehrer et -^l. (1984), skin prick tests 
of 93 subjects were done, including oO of whom cldmed clini- 
cal sensitivity to tobacco smoke. The group included atopic and 
nonatopic individuals. Approximately 50% of the atopic subjects 
had positive skin tests to leaf extracts or cigarette smoke con- 
densate (CSC). Fewer than 5% of nonatopic individuals had a 
positive reaction, independen. of whether th<jy claimed to be sen- 
sitive to ETS exposure. Radioalle rgoscrbent tests (RAST) were 
also conducted. Forty-five percent of atopic individuals and 6% 
of nonatopic individuals were positive for leaf extracts. There 
were no significant differences in specific serum IgE antibodies 
among smokers, exsmokers, or nonsmokers. Fewer than 6% of ei- 
ther group responded to CSC. Because there was no relationship 
between subjective tobacco smoke sensitivity and reaction to the 
various tests, the authors concluded that the reported subjective 
sensitivity is probably not related to hypersensitivity to tobacco 
leaf or smoke antigens. 

In summary, experimental and clinical studies have indicated 
that there are immunogens in ETS and that a portion of the pop- 
ulation is sensitive as sho\vn by dermatological tests. However, 
the specific agent responsible for this reactivity has not been con- 
clusively identified. Furthermore, there is some question as to 
whether reactions to skin tests are correlated with subjective com- 
plaints. It is clear, however, that a substantial number of atopic 
individuals will have positive skin tests to tobacco smoke or to- 
bacco leeif extracts. More research needs to be done to characterize 
the immunogens and explain the relationship between subjective 
symptoms and skin tests. 



SUMMARY AI'^D RECOMMENDATIONS 

There are a number of acute, noxious effects of exposure to 
ETS by nonsmokers that may occur. These include annoyance 
with odor, eye irritation, throat irritation, and immunological 
responses. The specific constituents that elicit these responses are 
not known. 
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What Is Known 

Odor 

1. ETS arouses odor responses. The objectionable odor gener- 
ated by ETS greatly exceeds that generated by simple occupancy 
under comparable conditions of occupancy, density, temperature, 
and relative humidity, and is more persistent. 

2. Toba^,co smoke odor is stable over time. Ventilation re- 
quirements for tobacco smoke Jor will therefore vary in strict 
proportion to the number of cigarettes smoked. 

3. Rooms (and other spaces) where there is smoking require 
much more ventilation than spaces with nonsmoking occupancy. 
During smoking, ventilation requirements that satisfy at least 80% 
of visitors to a room exceed 50 cfm per occupant. 

4. Nonsmokers and visitors to rooms appear to set a more 
stringent criterion than smokers for acceptability of tobacco smoke 
odor. Current ventilation guidelines for smoking occupancy will 
apparently fail to satisfy a criterion level of 80% of visitors (mixed 
group). It is not clear that any practical ventilation rate could tzXr 
isfy 80% or more nonsmokers under typical conditions of smoking 
occupancy. 

Irritation 

5. Low humidity may exacerbate odor and irritation responses 
to ETS. 

6. Whereas odor will govern th^ reactions of visitors to a smok- 
ing space, irritation will largely govern the reactions of occupants. 
Over time, eye irritation grows to become the most important 
negative response of the occupant. Dissatisfaction observed in 
chamber studies is conunensurate with that found in field studies. 

7. Eye blink offers a reasonable correlate of sensory irritation 
at high levels of smoke (i.e., levels of ETS such that the concen- 
tration of CO is at least 5 ppm), but not at low levels. 

8. Filtration of particles from ETS ^ia an electrostatic pre- 
cipitator causes no decline in odor to visitors and no meaningful 
decline in odor or irritation to occupants. This suggests that 
irritation and odor derive primarily from gas- or vapor-phase con- 
stituents. 

9. Filtration of particles via a Cambridge pad reduced irri- 
tation, but not odor, to occupants. Perhaps the Cambridge pad 
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removes some critical vapors from the smoke along with the par- 
ticles. 

0. A substantial portion of atopic individuals are sensitive 
to tobacco leaf or tobacco smoke extracts as shown by skin tests. 
However, cutaneous sensitivity appears not to correlate with sub- 
jective symptoms. 

"What Scientific Information Is Missing 

1. The outcomec obtained in chambers regarding dissatisfac- 
tion created by the odor and irritation of ETS should be fur- 
ther verified in field situations. The chamber studies imply that 
there must be considerably more than 20% dissatisfaction in places 
where smoking occurs even when current ventilation standards are 
met. 

2. Prospects for abatement of discomfort through filtration of 
the vapor or particulate phases of ETS should receive attention. 

3. Objective physiological or biochemical indices should be 
sought to validate reports of chronic irritation of the eyes, nose, 
and throat. 

4. Research is needed to determine specific constituents that 
are the irritants in ETS. 

5. Information is needed on the prevalence and severity of al- 
lergic and hypersensitive responses to tobacco smoke in the general 
population and in atopic individuals. 

6. Further research needs to be done to determine the specific 
elements that are immunogenic in extr2cts of tobacco smoke and 
to relate immune response on sk'n tests to subjective complaints 
of sensitivity to tobacco smoke. 

7. Research is needed to evaluate the medical importance 
of positive reactions to RAST tests of tobacco leaf products for 
atopics. 
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11 

Effects of Exposure to 
Environmental Tobacco Smoke 
on Lung Function 
and Respiratory Symptoms 



This chapter discusses epidemiologic studies of nonsmokers ex- 
posed to tobacco product smoke that have evaluated lung function 
or respiratory symptoms, most of which have evaluated children. 
The effects of active cigarette smoking are briefly reviewed to re- 
count the reasons why certain aspects of lung function have been 
studied in nonsmokers. The plausibility of finding similar effects 
in nonsmokevs exposed to ETS is discussed and the studies found 
in the literature are assessed. 

LUNG FtJNCTION AND SYMPTOMS 
IN ACTIVE SMOKERS 

Cross-sectional studies of smokers have demonstrated that 
smokers, compared with nonsmokers, have (1) an increased preva- 
lence of chronic cough, chronic sputum production, and wheezing 
and (2) decreased lung function (see U.S. Public Health Service, 
1984, for an extensive review). The effects of smoking on both 
respiratory symptoms and lung function may be seen within a 
few years of the onset of regular smoking (U.S. Public Health 
Service, 1979, 1984; Woolcock et al., 1984). Longitudinal studies 
have demonstrated that the mean rate of decline with age of the 1- 
second forced expiratory volume (FEVi) is greater in smokers than 
in nonsmokars. In some smokers, the rate of decline of FEVi is 
rapid, leading to clinically important chronic airhow obstruction. 

The structural changes associated with active cigarette smok- 
ing are seen in both the conducting airways and the pulmonary 
parenchyma (for a more detailed description, see U.S. Public 
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PATHWAYS FOR EFFECT OF ACTIVE SMOKING 
0\\ AIRWAYS AND PARENCHYMA 

1 / \ bronchial 

/ ' ^ \ hyperresponslvenes& 



neutrophil influx 



elastase 
burden 



cough & sputum 



FIGURE 11-1 Kncvvn &nd suspected mechanisms for effects of tob&cco 
smoke on %irway«. Solid lir<es = known uechanismsj dashed lines = suspected 
mechanisms. 



Health Service, IhM). In the large airways there is hypertrophy 
and hyperplasia ortue mucous glands. These changes are followed 
by an increase in mucus production that leads to increased cough 
and sputum production. Structural changes in smaller airways 
range from relatively mild inflammation to narrowing and closure 
of airways due to inflammation, goblet cell hyperplasia, and in- 
traluminal ..lucus. Changes in the parenchyma include increased 
numbers of inflammatory cells and ultimately iestruct'^n of the 
alveolar walls, most commonly in the central part of the -.^oule, i.e., 
the development of centrilobular emphysema (bse Figure 11-1). 

The link between airway disease and parenchymal disease is 
poorly understood. Smokers with severe functional impairment 
usually have an appreciable amr^unt of emphysema (U.S. Public 
Health Service, 1984). 

Cessation of smoking leads to a rapid decrease in respiratory 
symptoms, an improvement in lung function, and a shift towards 
the nonsmoker's rate of decline of FBVi (U.S. Public Health Ser- 
\ice, 1979, 1984). These improvements are usually seen regardless 
of the functional level at which cessation occurs. 
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Population-based studies of adults have generally shown a 
strong dose-response relationship between FEVi with dose mea- 
sured either in tc^s of years smoked, the number of cigarettes per 
day, or the integrated dose, i.e., pack-years (U.S. Public Health 
Service, 1984). It is worthwhile noting, however, that in two ma- 
jor studies (Burrows et al-, 1977a; Beck et al., 1981) the active 
smoking dose accounted for only about 15% of the variation of 
FEVi even after age and height adjustment. Most of the variance 
could be attributed to the naturally occurring large variability in 
pulmonary function. Another reason the active smoking dose did 
not explain much of the variance is that the number of cigarettes 
an individual smokes cannot readily be translated into the dose of 
smoke that is delivered into the airways and parenchyma. Many 
factors, such as puff volume and lung volume at which inhala- 
tion starts, clearance rates, and airway geometry of the lungs of 
exposed individuals, will influence the dose and the distribution 
of the smoke within the lungs. Variability in individual suscepti- 
bility to the effects of chemicals deposited in the lung has been 
demonstrated in studies of animals (Ev?ns et al- 1971, 1975, 1978). 



The dose of cigarette smoke delivered to the lungs of non- 
smokers exposed to ETS is both qualitatively and quantitatively 
different from mainstream smoke, being a small fraction of that 
delivered to the lungs of an active smoker (see discussions in Chap- 
ter 7). Exposure to constituents of tobacco smoke may begin in 
utero and continue throughout childhood through ETS exposure. 
During these periods, the lung is undergoing both growth and 
remodeling. Therefore, the lung of the fetus and young child may 
be particularly susceptible to environmental insults. 

Despite qualitative differences between mainstream smoke, 
sidestream smoke, and ETS, it has been customary to assume 
that exposure to ETS approximates a low-dose exposure to to- 
bacco smoke. The ability to measure responses to low doses de- 
pends on the shape of the dose-response curves, the sensitivity and 
specificity of the measurement tools available, and whether there 
is a threshold of exposure below which there is no response in any 
individual. 
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The assumed shape of the dose-response curve determines 
what kinds of effects would be expected and the estimates of the 
probability of detecting them. If the dose-response curve were 
linear with a shallow slope, or a slope concave to the dose axis, the 
response at low doses might bs so small that it would be difficult 
to detect. In such a situation, only the very susceptible portion of 
the population might have detectable effects. It is likely that there 
is a distribution of susceptibility to the effects of ETS within the 
population, such that there will be some persons who will respond 
at low doses and some persons for whom many years of heavy 
exposure may be needed to cause the sanic symptoms or change 
in lung function (Cockcroft et al., 1983). 

If individuals who are most susceptible to the irritating effects 
of cigarette smoke on the lower respiratory tract do not start to 
smoke or, having started, soon quit as smokers, then a population 
of nonsmokers would be more likely to include the most suscep- 
tible individuals than a population of smokers. The existence of 
different subpopulaiions introduces an additional complication to 
the extrapolation from high-dose exposure in active smokers to 
the low-dose exposures of nonsmokers. 

In addition, it is likely that the development of respiratory 
disease or symptoms, lung function level, and rate of decline reflect 
the cumulative burden of many environmental exposures and other 
insults, such as respiratory mfections (Purvis and Ehrlich, 1963) 
to the lung. Furthermore, it might be hypothesized that the 
cumulative burden may interact with the individual's genetically 
determined susceptibility. 

METHODOLOGIC CONSmERATIONS 
FOR EPIDEMIOLOGIC STUDIES 

A recent report of the National Research Council (1985) is 
devoted to methodologic issues of epidemiology and air pollution. 
In this section, many of the problems are reviewed briefly. 

Study Design and Analysis 

Chronic pulmonary effects of ETS have been the subject of 
several recent reviews (Lee, 1982; Weiss et al., 1983; Surgeon 
General, 1984; Guyatt and Newhouse, 1985; Taylor et al., 1985) 
and symposium or workshop reports (U.S. Public Health Service, 
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1983; Gammage and Kaye, 1984; Rylander, 1984). Many of the 
studies reported in these reviews had not been originally designed 
to study chronic pulmonary effects of ETS exposure. Instead, 
these data sets were reanalyzed tc address the question of the 
puhnonary effects of ETS. This use of these studies suggests the 
need for caution when interpreting their results. 

Several analytic approaches were used in the reported stud- 
ies. Independent risk factors, such as age and sex, usually need 
to be taken into account, but this was not always done. Several 
statistical approaches, such ss stratification or regression analysis, 
are used to take into account the effects of potentially confound- 
ing variables. For most of the potentially confounding variables, 
researchers do not agree on the nature of the rcles of the variables 
as confounders and, henco, on the appropriate ways to introduce 
these variables into the data analyses. 



Assessing Exposure 

Interpretation of epidemiological studies is hampered by the 
existence of factors that interact with and modify the response to 
exposure and by confounding factors that are associated with the 
same symptom complex as exposure to ETS, such as coughing, 
production of spuium, and wheezing (see Table 11-1). These 
variables must be assessed and accounted for in the statistical 
analyses where possible. 

Unreported active smoking could lead to a large bias. Underre* 
porting of smoking is likely in studies of older children, particularly 
when parents answer questionnaires for their children. Children 
who have parents who smoke are themselves more likely to smoke. 
Therefore, because active smoking is likely to have a considerably 
greater impact on respiratory symptoms and lung function than 
exposure to ETS, misclassification of the children who smoke will 
tend to overestimate the effect of exposure to ETS. 

For blue collar males, occupational exposure can also be im- 
portant and may interact with both direct cigarette smoke and 
ETS. Many pulmonary toxicants can exist in the workplace. Fur- 
thermore, ETS exposure can occur in the workplace. Similarly, 
comparison of inner-city-dwelling persons with less urban, or sub- 
urban, controls can lead to biases. 
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TABLE 11-1 Potentially Confounding and Effect 
Modifying Factors in Epidemiologic Studies of 
Exposure to Environmental Tobacco Smoke 

Unreported active smoking 

Tobacco products 

Marijuana 

Clove cigarettes 
Developmental factors 

Maternal smoking during pregnancy 
Factors related to outdoor environment 

Outdoor temperature, humidity 

Respirable and nonrespirable particulates, e.g., fugitive dust 
Pollens and other allergens 
Factors related to indoor environment 
Crowding 

Number and age of siblings 

Total number of people/animals in dwelling unit 

Total number of smokers in dwelling unit 

Household conditions 

Frequency of air exchanges 

Temperature and humidity 

Use and condition of air conditioning units 

Conditions of child care facilities 

Unvented combustion products from heating/cooking stoves 

Respirable and nonrespirable particulates, e.g., wood smokes 

Pollens, molds, mites 

Allergens and infectious organisms 

Formaldehyde 
Factors related to work/hobbies 

Work/hobby-related exposure to gases, fumes, particulates 
Miscellaneous factors 

Annoyance response to tobacco smoking 

Reporting biases 



Methods commonly used to assess the effect of passive smoking 
on the respiratory system, such as respiratory symptom question- 
naires and measurement of lung function, may lead to some error. 

The problems associated with the respiratory symptom ques- 
tionnaires include: 

• Different questionnaires are used in studies. Differences in 
how the questions are asked can sometimes lead to large differences 
in answers. For instance, asking "Are you a smoker?" may elicit a 
"No" response from an exsmoker whereas the question "Have you 
ever smoked?" would be answered "Yes". 



Assessing Respiratory Variables 
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• Some studies use a self-administered questionnaire, where* 
as other studies use a trained interviewer. TVained interviewers 
can determine whether the subject understands the questionnaire 
and can follow a prescribed set of probing questions that may help 
to resolve the specific nature of not-well-described symptoms. 

• Some studies have parents complete the questionnaires for 
the children, whereas other studies have the child answer the 
questionnaire* For older children, parents may not be aware of 
active smoking by the child aad exposures to ETS in environments 
outside the home* 

• Questionnaires necessarily involve some subjective ele- 
ments that are prone to recall bias. For example, a smoker who is 
symptomatic may be more likely to report the same symptom in 
his/her child (Schenker et al., 1983; Ferris et al., 1985), 

Many tests are prone to measurement error, which tends to 
obscure differences between groups of subjects. For example, it 
may be necessary to repeat lung function measurements for a 
given individual and to average results to get a reliable estimate. 
Lung function tests are often not sensitive to the structural and 
functional changes associated with lung disease (Drill and Thomas, 
1980). 

CROSS-SECTIONAL STUDIES 

In the following sections, selected cross-sectional studies of 
respiratory symptoms, lung function, and respiratory infections 
and longitudinal studies of lung functions are reviewed. The stud- 
ies reviewed here are larger studies in which attempts have been 
made to standardize assessments and many of the data-gathering 
techniques, including interviews. 

Studies of Respiratory Symptoms in Children 

Almost all of the cross-sectional studies that have compared 
children of parents who smoke with the children of parents who 
do not smoke have reported increased prevalences of respiratory 
symptoms, usually cough, sputum, or wheezing, in the children 
of smoking parents. Some studies, including some that have not 
found a statistically significant increase in the prevalence of res- 
piratory symptoms in ETS exposed children, have demonstrated 
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an increase in respiratory symptom prevalence with an increasing 
number of parents or other adults who smoke in the home (see 
below). 

Three problems are especially important for studies of respi- 
ratory symptoms in children, i.e., underreported active smoking 
on the part of children, recall bias leading to overreporting of 
symptoms by parents, and the confounding variables of infections 
in parents. All three may lead to oversstimation of symptom 
prevalences among children of smokers. Recall bias would occur 
if parents who have respiratory symptoms are more likely to re- 
port those symptoms in the children. (The possiblity also exists 
that parents with these symptoms would look upon them as so 
commonplace as not to be worthy of mention). Parents who are 
smokers are also more likely to have more respiratory symptoms 
and respiratory infections. Respiratory infections (and, as a conse- 
quence, symptoms) among children of smokers may be the result of 
direct transmission of infectious agents from the parent or may be 
caused by inflammation and irritation of lung tissues due to ETS 
exposure and consequent increase in susceptibility to infection. It 
has been observed that parents, especially mothers; who have a 
history of severe respiratory illnesc report higher rates of respira- 
tory symptoms in their children (Schenker et al, 1983; Ferris et 
al., 1985). 

Various ways of dealing with these potential sources of bias 
have been proposed. Restricting the study or analysis to children 
below age 8 is likely to eliminate bias dve to underreporting of 
children who currently smoke. It is more difficult to handle the 
overreporting of symptoms in children when the parents have 
respiratory symptoms. 

An additional problem for interpretation of parental reports 
of respiratory symptoms was noted by Schenker et ai. (1983). 
In their study, children whose questionnaires were completed by 
fathers had significantly fewer symptoms reported than children 
with mother-completed ouestionndres. There was no comparison 
of questionnaires completed separately by both mother and father 
for the same child. Because the rates for symptoms sus reported 
by the mother were similar to what was found in other studies 
and because the fathers reported significantly fewer symptoms, 
the investigators suggested that fathers underreported symptoms 
in their children. 
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Table 11-2 reviews several selected cross-sectional studies of 
respiratory symptoms in children and adults. Lebowitz and Bur- 
rows (1976), reporting on children in the Tucson Epidemiologic 
Study of Obstructive Lung Disease, emphasized the need for con- 
trolling for parental symptoms. They reported that children had a 
higher prevalence of respiratory symptoms if they lived in house- 
holds with adults with the same symptom, regardless of the family 
smoking habits. When the presence of symptoms in the adults was 
taken into account by partitioning households based on presence 
or absence of adult symptoms(s)j the odds ratio that remained 
was greater than unity but was no longer statistically significant 
[Mantel-Haenszel odds ratio for all respiratory symptoms calcu- 
lated from data presented is 1.35 (95% confidence limits of 0.91 to 
1.98)]. Most symptoms were reported more frequently for children 
in currently smoking families. 

Ferris et al. (1985) have argued that correcting for parental 
symptoms represents an overcorrection for respiratory symptoms 
in children since it also corrects for the parents' smoking habits. 
In the Harvard Air Pollution Respiratory Health Studies (Six- 
Cities Study) of 10,106 white children aged 6-9 years, the variable 
indicating whether the parent had a history of bronchitis, emphy- 
sema, or asthma was found to be a highly significant independent 
risk factor for cough and wheeze and a history of respiratory ill- 
neas among children (Figure 11-2). Children whose parents had 
a positive history had 72-155% higher symptom and illness rates 
than children whose parents had no history of these illnesses. Ad- 
justment for parental respiratory history reduced the size of the 
estimated effects of maternal smoking on respiratory symptoms 
and illnesses by 20 to 30%, but the associations remained statisti- 
cally significant for most of the outcome symptom and respiratory 
illness variables (odds ratios of 1.23 and 1.28, respectively). 

In both the Lebowitz and Ferris studies, adjustment for par- 
ental symptoms or respiratory illness decreased the strength of 
the apparent association between exposure to ETS and respira- 
tory symptoms, but did not eliminate it. This finding leads to 
the reasonable conclusion that the exposures typical of ETS are 
sufficient to cause respiratory symptoms in some children. The in- 
creases in frequency of cough were 20 to 50%, and as high as 90%, 
when there were smoking parents. The increases in frequency of 
wheezing were more variable, v/hich may indicate the difficulty in 
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TABLE 11-2 Effects of Passive Smoking on Respiratory Symptoms: Selected Cross-sectional Studies Involving 
Children/ Adolescents 



Study 



Source of Subjects 



Subjects 



Exposure Assessment Findings 



Comments 



Colley. 
1974 



Aylesbury* UK; seven 
public schools: 1971 



1.328 boys. 270 girls; 
ages 6-14 



tebowitz 
and 

Burrou'S, 
1976 



Schilling 
et al.. 
1977 



Bland 
et al.. 
1958 



Tucson. Ariz.; stratified 
cluster random sam- 
ple of households; 
1972-1973 



Survey of towns in 
Connecticut and 
South Carolina 



Derbyshire. UK; 48 
secondary schools; 
1974 



1.6S5 households; 
Anglo-whitc; 
1.252 children <16. 
2.516 children >15 



816 children in 376 
families; 

607 children < 16. 
109 children > 15 



2.847 boys. 2.988 ghls; 
12 yean; old 



Self-administered 
questionnaire from 
parents 



Self-administered 
NHLBl questionnaire 
from children > 15; 
otherwise from 
parents 



Respiratory Symptom 
Questionnaire, ad- 
ministered by inter- 
viewer 



Self-administered 
questionnaire by child 



1. Clo:»c association of 
child cough and par- 
ent winter morning 
phlegm 

2. Prevalence of cough. 
15.6% no smokers. 
22.2% both parents 
smoke (ns) 

1. Prevalence of cough in 
young children. 7.8% 
no smokers. 10.4% 
smokers (p < 0.05) 

2. Significance gone 
when parental symp- 
toms considered 

1. No effect of parental 
smoking on children's 
cough or whee«.v 

2. Prevalence of wheeze 
in young children 
related to parental 
wheeze (p < 0.01) 

Prevalence of cough. 16% 
no smokers. 19% one 
smoker. 23.5% two 
smokers (p < 0.01) 



Suggested cross-infection 
may be important 
cause; used different 
question from U.S. 
studies 



Less than 15 years old 
assumed to be non- 
smokers: concluded 
familial aggregation 
important, potential 
con founder 

Tried to account for 
active smoking in 
children 



Effects of child's and 
parent's smoking 
independently 
analyzed. 
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TABLE 11-2 Continued 



Study 



Source of Subjects 



Subjects 



uxposure Assessment Findings 



Comments 



Tagcr 
et al., 
1979 



Weiss 
et al., 
1980 

Dodge, 
1982 



Schcnker 
et al.. 
1983 

Ware 
et a!., 
1984 



East Boston, Mass., 
random sample in 
schools: 197S-1977 



Sec Tager et al., 1979 



444 children; ages 5-9 
years 



650 children; ages 5-9 
years 



NHLBI questionnaire 
administered by 
interviewer; if age 
< 10, parent 
answered 

See Tagcr ct al., 1979 



Three towns in Arizona: 558 children; ages 8-10 Sclf-administcrcd by 



survey of schools: 
1978-1979 



years 



Pennsylvania: survey of 4,071 children; ages 
schools 5-14 



Six U.S. cities: different 10.106 children: ages 



regions survey of 
schools: 1974-1979 



6-13 



parents; 



Sclf-ad ministered by 
parents 

Self-administered by 
parents 
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No increase in respiratory 
illness with parental 
smoking 



Persistent wheeze, 1% no 
smokers, 6.8% one 
smoker, 11.8% two 
smokers (p < 0.02) 

Child's wheeze {p < 0.05), 
sputum (p < 0.05), 
and cough (p < 0.01) 
related to parental 
smoking 

Trend with number of 
smoking parents not 
significant tor any 
symptoms 

20-35% increased risk of 
all respiratory illness 
and symptoms with 
maternal smoking 



Controlled for family size 



Sec Tagcr et al.. 1979 



Not adjusted for parental 
symptoms although 
found to influence no. 
sympto;Tis reported 

Multiple logistic rcgrcs* 
sion with gas cooking 
as other predictor 
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Bronchitis 



Lower Rosp 
Disease Index 




CURRENT MATERNAL SMOKING (CIG/DAY) 

FIGURE 11-2 Relative odds of respiratory illness or symptoms versus 
average daily cigarette smoking by the child's mother. Rererence value is 
lero cigarettes per day. From Ferris et al. (1985). 



assessing this symptom. Furthermore, there appears to be a dose- 
response relationship between exposure and the likelihood of the 
child's developing respiratory symptoms or a respiratory illness. 
In the Harvard Study, a significant dose-response relationship was 
reported; the more mothers who smoked, the greater the risk of 
respiratory symptoms ^nd illnesses among their children. 



Studies of Lung Function in Children 

A more quantitative measure of the impact of ETS on the lung 
is obtamed by measures of lung function. Many of the studies that 
have examined the relationship between passive smoking and lung 
function have been cross-sectional. 
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Most studies have examined the effect of exposure to parental 
smoking rather than ETS exposure outside the immediate family. 
It is assumed that children are less likely than adults to be exposed 
to occupational irritants. The cumulative burden of respiratory 
insults is, therefore, likely to be smaller in children than in adults. 
It is often difficult (but aot impossible) to measure lung function 
in young children and also hard to dissect out the relative con- 
tribution of ETS and that of natural variation and the effect of 
respiratory infections to pulmonary damage. 

A majority of the studies (reviewed in Table 11-3) has shown 
a small decrease (up to 0.5% FEVi per year) in rate of increase 
in lung function associated with normal growth in children living 
with one or more parents who smoke compared with those living 
with nonsmoking parents (Table 11-3 and Figure 11-3). These 
differences have usually been statistically significant. Although the 
mean effect is small, there are individuals in each study who have 
large decrements in growth of lung function. Some studies have 
found a dose-response relationship with the number of smokers 
in the home or the amount smoked (Hasselblad et al., 1981). 
Ware (1984) shows (see Figure 1J.-4) a highly significant negative 
association betwe-m maternal smoking level and FEVi at both the 
baseline and follow-up examinations. For a child of a mother who 
smoked one pack of cigarettes per day compared with a child of a 
honsmoking mother, the FEVi was 0.7 ± 0.2% lower at th^ baseline 
examination and 0.8 ± 0.2% lower at the follow-up examination 1 
year later. This amounts to a 10- to 20-ml difference for a child 
with an FEVi between 1.5 and 2.5 L. In most studies, only the 
maternal effect was statistically significant. This may be because 
mothers usually spend more time with their young children than 
fathers. 

A study carried out in Shanghai in the People's Republic of 
China reported a clear paternal effect. Chen and Li (1986), in a 
cross-sectional study of 303 boys and 268 girls aged 8-16, found 
that the number of cigarettes smoked by fathers was linearly re- 
lated to a decrease in FEVi and FEF2s-u%, the average forced 
expiratory flow during the middle half of the period of expira- 
tion. None of the mothers in this study were smokers; therefore, 
there was nc maternal effect in that population. Differences in 
father's smoking status accounted for 0.5% of the variation among 
individuals in FEVi and 1.2% of the variation in i- BFos-Ta^. 
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TAW£ 11-3 Effects of Passive Smoking on Pulmonary Function: Selected Cross-sectional Studies Involvinc 
Children/Adolescents 



Study Source of Subjects Subjects 

Ubowitz Tucson , Am.; stritificd 1 ,655 households; 

et al.. cluster rindcm sim* Anglo-whitc: 
1982 



Schilling 
ct Jil.« 
1977 



Tagcr 
ct jiL. 
1979 



Weiss 
et al., 
1980 



Hasselblad 
et al.. 
1981 



pie of households: 
1972-1973 



Survey of towns in 
Connecticut and 
South Carolina 



East Bost'jn, M4:3s.: 
random sample in 
schools: 1975-1077 



SceTageret al., 1979 



CHESS study, seven 
cities; survey of 
s^lioors: 1970-S973 



1,252 children <16, 
2,516 children > 15 



816 children in 376 
families: 

60/ children < 16. 
209chiL > 15 

444 children: ages 5-9 
years 



650 children: ages 5-9 
years 



16.689 children: ages 
5-13 years 



Exposure Assessment Findings 

Self-administered Nr/ relationship of FEV^ 

NHLBI questionnaire with parental smokir^ 
from children > 15: when household aggre- 
'^ation of body mass 



Comments 



otherwise from 
parents 

Respiratory Symptom 
Questionnaire, ad- 
ministered by inter- 
viewer 

NHLBI questionnaire 
administered by 
interviewer: if age 
<10« parent 
answered 

StrtTageret al.. 1979 



Self-administered by 
parent (usually 
mother) 



takeii into account 

MEF 50% lower in youn- 
ger children with 
maternal smoking 
ip < 0.05): FEV„ 
PEF not significant 

Lower z-scores for 
FEF^^.75*t in children 
with smoking parents 



Lower z-scores for 
FEF25,75^. 'i*ith matei^ 
nal smoking 
ip < 0.005): FVC, 
FEV| not significant 

^^EVo.75 oose-rcsponsc 
relationship with 
mother's smoking 



Le5S (nan 15-year-olds 
assumed to be non- 
smokers: concluded 
familial aggrcgat*on 
important, potential 
confounder 

Tried to account for 
active smoking in 
children 



Controlled for family size 



SecTAgeret al.. 1979: 
also controlled for 
whec7e in child 



No information on child's 
smoking: small effect 
of maternal smoking 
(0.1% of variance) 



V* 
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TABLE 11-3 Continued 



Study 



Source of Subjects 



Subjects 



Exposure Assessment Findings 



Comments 



Dodge, 
1982 



Ware 
et al.. 
1984 

Chen 
and Li. 
1986 

Tashki/ 
et aL. 
1984 

Ferris 
et al., 
1985 



Three towns in Arizona; 558 children; ages 8-10 Self -administered by 



survey of schools; 
1978-1979 



years 



Six U.S. cities; different 10,106 children: ages 

regions; survey of 6-13 
schools; 1974-1979 

Shanghai, PRC; survey 571 children; ages 8-16 

of two schools; 1984 years 



Los Angeles County 
survey of four areas in 
city; 1973 



971 nonsmoking, non- 
asthmatic children, 
ages 7-17 



parents 



Self-administered by 
parents 



Self-administered 
questionnaire by 
parents 

Modified NHLBI ques- 
tionnaire adminis* 
tered by intervie^'er 



See Ware et al., 1984 See Ware et al., 1984 See Ware et al., 1984 



No effect of parental 
smoking on any param- 
eters, cough {p < 0.01) 
related to parental 
smoking 

FEVi significantly nega- 
tive; FVC positive 
relation to maternal 
smoking 

Paternal lifetime smoking 
related to Z'Scores of 
FEVi, MMEF.and 

PEF(,2.6-87.5*.i 

Inconsistent effect of 
maternal smoking in 
younger boys and older 
girls 

Significant effect of 
parental smoking on 
FEV, 



Lung function tests not 
standardized 



Multiple logistic regres- 
sion with gas cooking 
as other predictor 

No effect of maternal 
smoking, probably due 
to low prevalence of 
female smokers in PRC 

Effect in older girls 
probably due to unre- 
ported smoking by 
child 

See Ware et al.. 1984 
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FIGURE 11-3 Mean percent lung function, by parental smoking, of non- 
smoking males and females, ages 10-19, 1962-1965, from Tecumseh, Michigan. 
BurcKfiel et al. (1986). 



The most important contributors to variation in lung function 
among children are size-related factors such as sex, age, and height. 
These account for about 50-60% of the variation (Comroe et al., 
1962). 

It is not possible to determine whether ETS is directly caus- 
ing the decreased lung function observed in children of smoking 
parents or if an increased infection rate in these children (see be- 
low) is responsible for the decrease. The annual small decrease 
m FEVi, which is related to exposure to ETS, is unlikely to be 
clinically significant. However, the effect may be important in two 
respects. First, the existence of statistically significant differences 
related to parental smoking leads to the conclusion that there are 
pathophysiologic effects of exposure to ETS in the lungs of the 
growing child. It may be an in utero efTect, an effect on the grow- 
ing and remodeling lung, or both. Second, it raises the question of 
whether the child who is adversely affected by parental smoking 



20fj 



198 



+.02 r 



+.01 



O.uO 



•J 
< 

o 
<n 
m 
tc 



> 
m 

z 
•J 



-.01 



-.02 



I 



-.03 



20 



40 



60 



MOTHER'S DAILY CIG 

FIGURE 11-4 Mean of pulmonary function residual (± 1 SD) by mothers' 
reported daily cigarette smoking, compared with children whose mothers 
have never smoked. Squares represent the first examination (n = 7,112) and 
triangles represent the second examination (fl = 6,278). From Ware et al. 
(1984). 



may be at an increased risk for the development of chronic airflow 
obstruction in adult life. An accelerated decline in lung function 
could increase the risk of chronic puknonary disease (Samet et al., 
1983). 



Studies of Lung Function in Adults 

White and Froeb (1980) studied 800 nonsmoking, middle-aged 
subjects, out of a total population size of 2,100, and found a small 
statistically significant decrease (8%) in FEF25-.75% in both men 
and women who were nonsmokers exposed to ETS. The reported 
reduction in FEF25-75% for ETS exposed nonsmokers was almost 
identical to that of the smokers of 1-10 cigarettes per day. This 
raises questions about their find'ngs. This study may suffer from 
problems of selection bias in the allocation of subjects to categories 
and the absence of any exsmokers (Adlkofer, et al., 1980; Aviado, 
1980; Huber, 1980; Lee, 1982). 
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A cross-sectional study from France (Kauffmann et al., 1985) 
supports the conclusions that exposure to ETS may have an effect 
on lung function in nonsmoking adults. The French Cooperative 
Study surveyed more than 7,800 adult residents of seven cities in 
France in 1975 and found 1,675 were true nonsmokers. In men 
and women over 40, nonsmokers of either sex who had a spouse 
who smoked had a significantly lower FEF25^76% than those living 
with a nonsmoker. These differences were not explained by socip^ 
class, educational level, air pollution, or family size. Among tL, 
women, there was also a significant difference in FEVi and a dose 
effect was seen with the amount smoked by their husbands. These 
differences, only apparent in persons over 40, were small and were 
uncovered only following detailed examination of the data after 
the population had been stratified by age. 

Two other cross-sectional studies involving adult women have 
found an effect of exposure to ETS on lung function. In a study 
of 220 married women aged 25 to 69 years from five U.S. cities, 
Kauffmann and coworkers (1986) reported that standardized resid- 
uals for FEVi and FEVi/FVC* for the group identified as pas- 
sive smokers were intermediate between the results of nonsmokers 
and current smokers. In a study of 163 nonsmoking women liv- 
ing in a rural area of the Netherlands, Brunekreef and coworkers 
(1985) found that those exposed to ETS tended to have slightly 
lower mean values for all of the lung function variables measured. 
These differences reached statistical significance for peak How and 
FEF25^76% in the 40- to 60-year-olds. The numbers in each of 
their groups were small. No information was given on possible 
childhood exposures to cigarette smoke of the women studied. 

Kentner and coworkers (1984), in a study of 1,351 white collar 
workers (941 men and 410 women) in northern Bavaria, and Com- 
stock et al. (1981), a study that included 1,724 adults residents 
of Washington County, Maryland, examined the potential effects 
of ETS. In these studies, information was collected from subjects 
using questionnaires and the subjects were then classified cis never 
smoked, exsmokers, and current smokers. The Kentner et al. study 
evaluated home and workplace exposures, whereas the Comstock 
et al. study evaluated only home exposures. In the Kentner et al. 
(1984) study, an additional classification was made for other smok- 
ers, representing those who were cigar and pipe smokers. These 



FVC is the forced vital capacity. 



208 



200 



investigators found no significant reductions in lung function with 
ETS exposure. 

In view of the large number of factors that affect lung function, 
it is not surprising that it is difficult to document the extent to 
which a single type of exposure affects lung function. The lungs 
of adults have been subjected to many environmental exposures 
and potential insults over a lifetime, making it unlikely that a 
specific effect could be isolated. The variability in lung function 
due to differences of the other factors tends to obscure effects of a 
single variable. In addition, results in adults should be evaluated 
for possible misclassification of exsmokers or occasional smokers 
as nonsmokers, as well as possible confounding by occupational 
exposures to other pollutants or to ETS 

LONGITUDINAL STUDIES OP LUNG FUNCTION 
IN CHILDREN AND ADULTS 

An important unanswered question is whether exposure to 
ETS affects the way the lungs grow and develop during childhood. 
Respiratory symptoms, by themselves, may have little clinical 
significance but would be important if associated with a change 
in the rate of lung growth and development or the development of 
pulmonary pathology at older ages. 

There is evidence from two cohort studies (Table 11-4) that 
parental smoking may affect the rate of lung growth during child- 
hood. Tager and coworkers (1983), who have followed 1,156 el- 
ementary school children in East Boston, Massachusetts, over a 
7-yea*: period, reported that maternal smoking was associated with 
a reduced rate of annual increase in FEVx and FEF25^76%. There 
was a reported 3-5% decrease in expected lung growth over the 
7-year period. 

Burchfiel and coworkers (1988) examined pulmonary function 
in 3,482 children in Tecumseh, Michigan. Children 0 to 19 years 
old were followed for 15 years, during which time questionnaire 
information was collected from both parents. FEVi and FVC 
values were significantly lower by 5% in male nonsmokers 10 to 19 
years of age whose parents were current smokers. 

The Harvard Air Pollution Respiratory Health Studies (Ferris 
et al., 1985; Berkey et al., 1986) (Figure 11-5) show a relatively 
smaller effect than that reported by Tager and coworkers (1983). 
The Harvard study included 7,834 children between the ages of 
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TABLE 11-4 Effects of Passive Smoking on Pulmonary Function: Selected Longitudinal Studies Involving 
Children/Adolescents 



Study 



Sourcc of Subjects 



Subjects 



Exposure Assessment Findings 



Comments 



Tager East Boston. Mass.: 

et al.. random sample in 

1983 schools; 1975-1981 



Ferris Six U.S. cities: different 
ct al.. regions: survey of 

1985 schools; 1974-1981 

Berkey Same as Ferris et al., 
etal.. 1985 
1986 



1.156 children from 404 
families; ages 5-9 
years 



8,380 white children; 
ages 5-19 years; 6 
annual visits 

7.867 white children 
ages 6-10 years 



NHLBI questionnaire 
completed by parents 



Self-administered by 
parents 



Same as Ferris et al.. 
1985 



1-year change in FEVj 
reduced in smoking 
families ip < 0.02): 
9% decrease over 2 
years, 7% decrease 
over 5 years 

Growth rate in FEV| 
reduced with maternal 
smoking (p < 0.02). 
dose related 

Maternal and paternal 
smoking not signifi- 
cantly related to FEV| 
growth rate; however, 
number of cigarettes 
smoked by mother 
significant effect 
(p < 0.05) 



Tried to account for 
child's smoking; 
change scores corrected 
for age. sex. height, 
first FEV, 

Assumed children did not 
smoke; controlled for 
city and SES 

Corrected for parental 
education 



to 
o 
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.6 and 10 years who were followed over a 5-year period. Children 
whose mothers smoked one pack of cigarettes per day had FEVi 
levels, at age 8, that were 0.81% lower than children with nonsmok- 
ing mothers. Growth rates for FEVi were approximately 0.17% 
per year lower. For a child aged 8 years with an FEVi of 1.62 L, 
this corresponds to a deficit in rate of growth of FEVi of approxi- 
mately 3 ml per annum and a deficit of 13 ml by age 8. In contrast 
to the lower FEVi seen in children whose mothers smoked, higher 
levels for FVC were observed in children with smoking mothers 
compared with children whose mothers did not smoke. For exam- 
ple, average FVC at age 8 for a child whose mother smoked one 
pack per day, was 0.33% higher than a child with a nonsmoking 
mother. On the other hand, the growth rate for FVC was 0.17% 
lower for a child with a smoking mother. This would be equivalent 
to a 2.8 percent decrease in pulmonary development throughout 
childhood and implies a decrease in the development of pulmonary 
function in children of smoking parents. 

In view of the effects that climatic conditions can have on 
housing characteristics, and subsequent ventilation rates, it would 
be advantageous to conduct longitudinal studies in legions of the 
United States other than the Northeast. In any future studies, 
great care should be taken, as it was in the two cohort studies, to 
account for potential confounding variables in the analyses, such 
as socioeconomic status and gas cooking. Another aspect that 
deserves more attention in future studies is the effect on children's 
pulmonary function when parents stop smoking. 

THE EFFECT OF PASSIVE SMOKING 
ON RESPmATORY INFECTIONS 

There is now strong evidence that bronchitis, pneumonia, and 
other lower-respiratory-tract illnesses occur more frequently (at 
least during the first year of life) in children >vho have one or 
more paients who smoke (see Table 11-5). Evidence that this 
increased frequency of acute respiratory infections continues into 
later childhood is less convincing, although the evidence from both 
cross-sectional studies and cohort studies shows such a trend. 

Harlap and Davies (1974) followed a cohort of 10,672 infants 
bom in Israel between 1965 and 1968. Admissions to the hospital 
during the first year of life were recorded. Information about ma- 
ternal smoking was obtained during the pregnancy only. Infants 
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AGE 

FIGURE 11-5 Calculation of growth rate and level of In(FEVx) for an 
Individual child. The residuals in the upper panel, i.e., the difference between 
observed and predicted In(FEVx), were regressed on age in the lower panel. 
From Berkey et al. (1986). 

with major congenital malformations and those dying before their 
first birthday were excluded from the study. For the total popu- 
lation studied, there were 25.4 admissions per 100 babies under 
1 year of age. The infants of mothers who smoked had a 27.5% 
greater hospital admission rate for pneumonia and bronchitis than 
children of nonsmoking mothers. A dose-response relationship was 
also found between the amount of maternal smoking and admis- 
sions to hospital for pneumonia and bronch/tis. 

Colley (1974; Leeder et al., 1976) carried out a similar study 
in London. The study involved a birth cohort of 2,205 infants born 
between 1963 and 1965. In this group of children, the incidence of 
pneumonia and bronchitis in the first year of life was associated 
with the parents* smoking habits. This was true whether or not 
the parent has respiratory symptoms. The incidence was lowest 
for children of nonsmoking parents, highest in families where both 
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TABLE 11-5 Childhood Respiratory Tract Illness and Passive Smoking 



Study 



Source of Subjects 



Subjects 



Exposure Asbcssment 

and Health Information Findings 



Comments 



Harlap and 
Davies, 
1974 



Birth cohort: West 
Jerusalem: 1965-1969 



All infants in cohort of 
10.672 admitted to 
hospital in Jerusalem 



Colley. 
1974; 
Lceder 
ct al.. 
1976 



Birth cohort; 
UK: 1963- 



Harrow. 
1965 



2.205 infants 



Antenatal interview of 
mothers 



Annual follow-up by 
health visitors for 5 
yr; questionnaire 
administered by 
trained health visitor 



O 
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1. Significantly more 
admissions for bron- 
chitis or pneumonia, 
especially in winter, in 
infants whose mothers 
smoke 

2. Dose-response for 
number of cigarettes 
by mother and excess 
of bronchitis and 
pneumonia 

1. Incidence of pneumo- 
nia and bronchitis in 
first year associated 
with parental smoking: 
incidence lowest with 
both nonsmokers. 
highest with both 
smokers, intermediate 
with one smoker 

2< Associations inconsis- 
tent after 1 yr 

3. In first year of life. 
ETS exposure doubled 
risk for pneumonia/ 
bronchitis 



Infornntion about moth- 
er's smoking obtained 
prcnntally, not concur- 
rent with child's admis- 
sion: no information 
about father's smoking 
obtained 



Most important determi- 
nant of respiratory 
illness was bronchit:> or 
pneumonia in sibling: 
analysis not controlled 
for number of siblings 



g 



Rantakallio, Birth cohort: Northern 1.821 exposed. 1.821 
1978 Finland: 1966 unexposed: ages 0-5 



Said Cohort: France: 3,920 children; ages 
ct al.. 197S-J976 10-20 
1978 

Fcrgusson Birth cohort: Christ* 1.26S infants 
etal.. church. New Zealand: 
I98I 1977 



Pedreira. Birth cohort from 1 . 144 infants followed 

1985 practice of four for 1 yr after birth 

pediatricians in 
suburb of Washing* 
ton. D.C.: 1976-1981 
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Smoking determined in 
interview during 
pregnancy 



Significant increase m 
hospitalization for 
respiratory illness 



Self-administered by Increase in tonsillectomy 



children 




and/or adenoidectomy 


Follow'up by structured 


1. 


Lower respiratory 


interviews with 




illness significantly 


mother at birth. A 




related to mother's 


mo. 1. 2. end 3yr: 




smoking in first year 


diaries kept by moth- 




of life, equivocal in 


ers cn child's history 




second and absent in 


of medical care: 




third 


check with hospital 


7. No effect of paternal 


records 




smoking 




3. 


Linear dose*responsc 






between maternal 






smoking and incidence 






of lo*;^'er respiratory 






infections 


Interview with mother 


1. 


Tracheitis and bron* 


at first well baby 




chitis significantly 


exam carried '^ut by 




related to maternal 


doctor: all sub;;cquent 




smoking 


office visits <n first 


2. 


No doscresponse 


year of life for lower 




relationship 


respiratory tract 


3. 


Bronehiolitis not 


infection 




related to parental 






smoking 



Only maternal sn;oking 
evaluated: categories 
based on smoking 
during pregnancy 

Smekivig by parents may 
no; have coincided or 
precede;! operations 

Analysis controlled for 
maternal age. cduca* 
tion. family si/e. family 
living conditions 



' No adjustment made for 
potentially confounding 
variables: relatively 
affluent area and low 
maternal smoking rate 
(19%) 



TABLE 1 1-5 Continued 



Exposure Assessment 



Study 


Source of Subjects 


Subjects 


and Health Information 


Findings 


Comments 


Spcizer 


Six U.S. cities: 


8.120 children: ages 


Questionnaire com- 


Parental smoking a.id sex 


Recall bias a potential 


et al.. 


1974-1979 


6-10 


pleted by parents 


of child related to 


problem because chil- 


1980 








respiratory disease 


dren aged 6-10 M time 










before age 2 


of stiney 


Dutau 


Survey in south of 


892 children: ages 0-6 


Questionnaire adminis- 


Significant relationship 


Pointed out importance of 


ct al.. 


France: 1979-1980 


seen by pediatrician 


tered to parents 


between annual Inci- 


day care centers and 


1981 




or admitted to hospi- 




dence of lower respira- 


nursery sch(H)ls in 






tal 




tory infections and total 


increasing rates of 










number of cigarettes 


lower respiratory infec- 










smoked inside home 


tions and difficulty of 












adjustment for this 
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parents smoked, and intermediate where one parent smoked. This 
effect was not seen consistently over age 1. 

A third birth-cohort study, involving 1,265 children in New 
Zealand, was reported by Pergusson et al. (1981). They studied 
the children from birth to age 3 years and found an increase in both 
bronchitis/pneumonia and lower respiratory illness during the first 
year in children whose mothers smoked. During the second year, 
the relationship between maternal smoking and lower respiratory 
illness was equivocal. The relationship disappeared by the third 
year. There was no effect observed of paternal smoking on the 
incidence of lower respiratory illness. Ushg logistic regression, 
they found that the rates of lower respiratory illness were related 
to maternal smoking. For each five cii{arettes smoked per day 
by the mother, there was an increase of 2.5-3.5 lower respiratory 
"events" per 100 children at risk. Adjustment for maternal age, 
education, family size, and family living conditions did not change 
the relationship. 

Rantakallio (1978) studied the effect of maternal smoking dur- 
ing pregnancy on morbidity and mortality of children to age 5 
based on 12,068 births. Smoking status on the mother was only 
available from antenatal interview. Perinatal mortalii;y was not 
higher among children of smokers, however, postneonatal mor- 
tality (between 28 days and 5 years) was significantly increased. 
Children of smokers were hospitalized for respiratory illness sig- 
nificantly more often than children of nonsmokers and the average 
duration of hospitalization was longer among children of smokers. 

Two case-control studies evaluated smaller groups of children 
hospitalized for respiratory infection and nonhospltalized controls. 
Pullan and Hay (1982) studied 130 children who were hospitalized 
with a documented respiratory syncytial virus (RSV) infection in 
infancy and 111 controls. They found that children hospitalized 
with documented RSV infections were more likely to have mothers 
who smoked and that the children had an excess of wheeze and 
asthma and lower levels of pulmonary function, which persisted to 
age 10. Sims et al. (1978) also suggested that cigarette smoking 
by parents during a baby^s first year of life is associated with an 
increased risk of RSV infections. 

Speizer et al. (1980) studied approximately 8,000 children, 
aged 6-10 years, from six communities in the United States as part 
of a prospective study of the health effects of air pollution (Harvard 
Air Pollution Respiratory Health Studies). Parental smoking and 
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sex of the child was associated with respiratory disease before age 
2, after other variables had been taken into account. Children from 
households with gas cooking also gave a history of more frequent 
respiratory illness before age 2 than children from households with 
electric cooking. 

Dutau et al. (1981) studied 892 children under age 6 in the 
south of FVance who were seen by a pediatrician or hospitalized for 
various reasons. They found a significant correlation between the 
annual incidence of pulmonary infections and the total number of 
cigarettes smoked inside the house. 

Pedreira et al. (1985) followed newborns (1,144 infants) 
seen by a group of pediatricians for a first well-baby examination 
between 1976 and 1981. They found thut tracheitis and bronchitis 
occurred significantly more frequently (89% and 44%, respectively) 
in infants whose parents smoked and that maternal smoking im- 
posed greater risks upon the inf?"jts than paternal smoking. 

One study looked at the fr^^uency of tonsillectomies and/or 
adenoidectomies in children (Said et al., 1978). They found the 
frequency was significantly increased among children with smoking 
parents. However, the smoking status reported for the parent may 
have been current smoking status, even though the operations bad 
occurred 5 to 15 years previously. 

All the studies that have examined the incidence of respira- 
tory illnesses in children under the age of 1 year have ^hown a 
positive association between such illnesses and exposure to ETS. 
The association is very unlikely to have arisen by chance. It may 
represent a direct association between ETS exposure and disease 
(a causal explanation) and/or an indirect one (noncausal) arising 
because children living in homes of smokers are at risk of such 
diseases for other reasons. Some of the studies have examined the 
possibility that the association is indirect by allowing for confound- 
ing factors — such as social class, parental respiratory illnesses and 
birthweight — and have concluded that such fetors do not explain 
the results. This argues, therefore, in favor of the causal expla- 
nation. Such an explanation is supported by the evidence of a 
dose*jresponse relationship specific for respiratory disease (Tables 
11-6 and 11-7). Also, the mother's smoking is more likely to af- 
fect the infant than the father's smoking, since the proxin^ty of 
mother and child is closer during the child's first year when the 
effect is more marked and consistent than later in childhood (see 
Fergusson et al., 1981). This also supports a causal, rather than 
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an indirect, explanation. Therefore, the evidence indicates that 
smoking in the home docs increase t\r incidence of respiratory 
illness in infants. 

The mechanism for this increase is less cert^n. It could rep- 
resijnt a direct effect of ETS on the respiratory tract of the infant 
or it could be due to such infants' being exposed to more parental 
respiratory infections as a result of their parents' smoking. Ei- 
ther way, smoking in the home appears t increase the rate of 
respiratory illnesa in young children. 

WHEN DO PULMONARY EFFECTS 
OF PASSIVE SMOKING OCCUR? 

The weight of evidence is that there are clearly observable 
effects of ETS on the respiratory system. These effects include an 
increase in the incidence of acute respiratory infections in early 
infancy; increased prevalance of cough, sputum production, and 
wheezing; and a decrease both in lung function measured at an 
instant in time and in the growth of lung function. The finding of 
differences in sympiom prevalence, respiratory infection rates, and 
lung function among children exposwd and not exposed to ETS is 
often interpreted as evidence of a chronic effect of ETS on the 
airways. This is probably true, and it is unlikely that ETS is not 
an upper- and lower-respiratory-tract irritant in children. 

The possibility that there is an effect of maternal smoking in 
utero as well must be considered. Evidence of an in utero effect in 
pregnant rats exposed to whole tobacco smoke has been reported 
by Collins et al. (1985). These investigators reported that pregnant 
rats exposed to smoke daily from day 5 to day 20 of gestation, when 
compared with control rats, showed reduced lung volume at term 
and saccules that were reduced in number and increased in size. 
The internal surface area of the lung was decreased. The relevance 
of this study to maternal smoking during pregnancy in humans b 
not yet clear and deserves further investigation. 

Other factors that may alter the time when ETS effects dur- 
ing childhood include the relative immaturity of the immunologic 
system and the growth and remodeling that are occurring in the 
immature lung. The infant lung differs in a number of impor- 
tant ways from the adult lung: (1) T-lymphocyte and macrophage 
function are not fully developed at birth, (2) there is increased 
susceptibility to infection as a result of comparatively immature 
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TABLE 11-6 Experimental Studies of Acute ETS Exposures for Asthmatic Patients 



OIUUj 


rOpUlallOn 


Exposure 


Findings 


Comments 


Shcphard 


Fourteen patients from the Gage 


Room*. 14.6 m"^ 


Changes in nulmonarv fiinrtinn 


Piittpntc nn tnortiPAtirtn* siccfv^i^itpft 

• allCIUo Ull lllv>UlLclllUII| aooV/VlalCU 


et al.. 


Research Institute (nine male. 


Time: 2 h 


slifzht' slight decrease in total lunff 


rhrnnir hrnnrhttic nr niilfnrtriArv 

blllUlllk Ul UIIL iiillo v> UUIIIIUIlalY 


1979a 


five female); mean age 37 years 


Cig.: 7 


capacity (helium mixing. 


emphysema in some patients; four 






CO; 24 ppm 


p < 0.02) 


patients claimed smoke sensitivity 


Dahnis 


Ten patierits from St. Louis Univ 


Rocm\ 30 m** 


Linear decrease in pulmonary func- 


Patients on medication with re- 


et al.. 


Hospital Allergy Clinic: ages 


Time: 1 h 


tion over time in patients; FEV| 


stricted use of bronchodilators 4 h 


1981 


16-39; 10 controls, ages 24-53 


Cig.: n.g. 


decreased 21.4%; FEF2s-?5%. 


prior to test; five patients and five 






CO: 15-20 ppm 


19.2%; FVC. 20%; no change in 


controls complained of irritation 








controls 


to ETS 


Knight and 


Six patients (4M. 2F); mean age 


Details not given 


Significant decrease in 3/6 subjects: 


io correlation of decreased function 


Breslin. 


25.5 yr 




PC20FEV1 significantly decreased 


with chest symptoms 


1985 






with histamine 




Wiedemann 


Nine patients with near normal 


Room: 4,25 m"' 


No change in expiratory flow rates; 


Patients off medication; six patients 


et al.. 


lung function; ages 19-30 


Time: 1 h 


.^mall decrease in bronchial reac- 


with history of reaction to ETS 


1986 




Cig.: n.g. 


tivity; PD2oFEV| increased from 








CO: 40-50 ppm 


0.25 to 0.79 with methylcholine 





Abbreviations: n.g. = not given. 
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TABLE 11-7 Admission Rates in the First Year of Life 
for Bronchitis and Pneumonia per 100 Infants by 
Maternal Smoking and Number of Cigarettes Smoked 
Daily (Number of Infants in Parentheses) 



Nonsmokers 










Never 
Smoked 


Former 
Smokers 


Smokers 

(Cigarettes per day) 




Total 


(8.900) 


(786) 


1-10 11-20 
(747) (179) 


21 + 
(60) 


(10.672) 


9.6 


7.8 


10.8 16.2 


31.7 


9.8 



NOTE: Differences among three categories of smoker/) < 0,001. 
SOURCE: Harlap and Davies (1974). 



lung defenses, (3) the internal diameter of the small airways is ex- 
tremely small and vulnerable to obstruction, and (4) the newborn 
child has its full complement of aimays at birth but only a small 
proportion of the alveoli. During childhood the airways grow in 
internal diameter, and the alveoli both multiply and increase in 
size. 

The question of the timing of the effect of ETS on the grow- 
ing and developing lung remains to be elucidated. If the effect is 
in utero, the question of how this carries over into infancy and 
childhood must be addressed. Likewise, the carryover effects of 
increased incidence of respiratory infections in infancy must be 
deterniined. In this regard, there is already some information 
relating early childhood respiratory illness to subsequent respi-> 
ratory symptoms and impaired lung function later in childhood 
(Woolcock et al., 1984; McConnochie, 1985). Evidence is also 
accumulating that respiratory infections in early childhood are re- 
lated to an accelerated decline of FEVi in adult life (Burrows et 
al., 1977b; Lebowitz and Burrow, 1976). If this is so, and if expo- 
sure to ETS increases susceptibility to acute respiratory infections 
in infancy, ETS may have a carryover effect into adult life. 

From the evidence to date, it appears that the effects of ex- 
posure to ETS may start in utero by altering the growth pattern 
of the fetal lung. In infancy, exposure to ETS may increase sus- 
ceptilibity to viral respiratory infections that in turn may have a 
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carryover effect into later chUdhood and adult life. Direct effects of 
ETS as an airway irritant are also likely, although the dose by itself 
may be insufficient except for the most susceptible individuals to 
cause symptoms and/or functional impairment. It is unlikely that 
exposure to ETS can cause much emphysema. As one of the many 
pulmonary insults, however, ETS may add to the total burden 
of environmental factors that become sufficient to cause chronic 
airway or parenchymal disease. 



STUDIES OF ACUTE PXJLMONARY EFFECTS 

Several studies have examined acute responses to ETS. Be- 
cause asthmatics may be hypersensitive to exposures to noxious 
agents, a number of studies have also searched for acute effects 
of exposure to ETS among asthmatic populations. Other studies 
have been conducted on normal healthy adults. 

Normal Subjects 

Pimm et al. (1978) compared various physiologic responses of 
nonsmokers to either room air or room air plus machine-generated 
cigarette smoke. Each smoke exposure consisted of combustion of 
four cigarettes to produce an extremely polluted room with high 
levels of carbon monoxide (24 ppm) and particles (greater than 
4 mg/m^). Pulmonary function tests, nitrogen washout curves, 
blood carboxyhemoglobin levels, and heart rates were measured 
before, during, and after a 2-hour exposure. A few statistically 
significant differences between smoke and ambient air exposure 
days were found. The differences were small and were considered 
by the investigators to be of questionable importance. Subjec- 
tive complaints were common in this and other acute cigarette 
smoke exposure studies, particularly eye irritation and cough. CO 
and suspended particles are thought to be less important than 
the phenols, aldehydes, and organic acids in producing this symp- 
tomatology (Hinds and First, 1975). 

Shephard et al., (1979b) utilized a protocol similar to Pimm et 
al. (1978) but under conditions of intermittent moderate exercise 
(increasing the respiratory volume per minute 2.5 times). Moder- 
ate and heavy ETS exposures were considered, associated with CO 
concentrations of 20 and 31 ppm, respectively. Neither exercise 
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TABLE 11-8 Pneumonia and Bronchitis by Parents 
Smoking in First Year of Follow-up, Annual Incidence 
per 100 Children (Number of Infants in Parentheses) 



Both or One 
Exsmokers or 
Both Smoking Habits 

Nonsmokcrs Changed 



One Both 
Smoker Smokers All 



7.8 
(372) 



9.2 
(675) 



11.4 
(552) 



17.6 
(478) 



11.5 
(2.077) 



SOURCE: Colley et al. (1974). 

nor exposure leve! significantly influenced symptomatology. Small 



decrements (3-4%) in FVC, FEVx, V^^6o%, and V^„25% (the 



volumes of air expired during the first half of the period of forced 
expiration or first quarter of the period, respectively) were noted 
in response to smoke exposures; however, static lung volumes were 
unaffected. Eye irritation and odor complaints were very common. 
One subject complained of wheezing and chest tightness, although 
his pulmonary function was not significantly impaired. Subjective 
symptom scores were higher overall for the higher smoke exposure 
(13.8 versus 10.3 points/subject at the lower exposure). A few 
subjects reported cough, nasal discharge, or stuffiness and throat 
irritation. 



A number of studies have examined acute pulmonary re- 
sponses of asthmatic patients to exposure to ETS (Table 11-8). 
Hov»ever, the mechanisms for bronchoconstriction among asthmat- 
ics differ. Therefore, the comparison between study populations 
and between individuals within studies is difficult. 

Shephard et al. (ig79a) examined asthmatic persons to de- 
termine whether their response to E5TS exceeded that of normal 
subjects in a previous study. The subjects (9 men and 5 women; av- 
erage age, 37 years) were exposed for 2 hours to machine-generated 
smoke (CO, 24 ppm). None of the patients had current respiratory 
infections, but some may have had associated chronic bronchitis 
or pulmonary emphysema. No significant alterations in dynamic 
lung volumes (FEVi, yrnaxso%, and ymax2s%) were detected when 
the asthmatics* responses to ambient air and cigarette smoke were 
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compared. A small^ but significant ^ decrease in total lung capacity 
(TLC) was noted) although preexposure TLC was slightly higher 
than that on the same exposure day (96.5% and 103.5% relative 
to ambient air TLC^ respectively). The lack of measurable change 
was interesting in light of a reported history of exacerbation with 
exposure to ETS by four subjects. Acute symptomatic responses 
during the experimental study were similar to those seen in the 
investigators^ previous study of normal individuals; however^ more 
complaints of tightness in the chest (43% of subjects) and wheez-* 
ing (36%) were made by asthmatic subjects. It was concluded 
that asthmatics did not have unusual measurable responsiveness 
to ETS exposure in this study. 

The findings of Dahms et al. (1981) contrast with those of 
Shephard et al. (1979a)* The exposure in this study was less in- 
tense^ i.e.^ 1 hour at CO levels of 15-20 ppm. The patients were 
16 to 39 years old^ had mild imp^^rment^ and were on medication, 
except for the restriction that no bronchodilators might be used 
within 4 hours previous to tLe test. Five of the patients reported 
specific complaints when exposed to ETS* When compared with 
control subjects, asthmatics showed significant pulmonary func* 
tion chetnges following 1 hour of smoke exposure. F VC decreased 
20% and FEVi declined 21.4% in the asthmatic subjects. These 
decreases are very large compared with the other studies. Based 
on a 0.40% increase in blood carboxyhemoglobin, the environ* 
mental CO concentration was calculated to be between 15 and 
20 ppm — compared with approximately 24 ppm in the Shephard 
et al. (1979a) sf udies. Reasons for the discrepancy between the 
Dahms and Shephard studies results are aot clear, nor do Dahms 
et al. (1981) cite or discuss the earlier Shephard et al. (1979a) 
findings. 

Knight and Breslin (1985) evaluated six nonsmoking patients. 
The details of the subject population and exposure conditions 
were not specified. They measured a mean fall in FEVi of 11% 
following exposure to ETS. Using a histamine Inhalation test, they 
found that the provocative concentration (or dose) that produced 
a 20% fall in FEVi (PC20FEV1 or PD20FEV1) decreased following 
exposure to ETS. This indicates an increased bronchial reactivity 
to histamine. The authors hypothesized that the airways may be 
primed to react more vigorously to other triggers. 

Wiedemann et al. (1986) evaluated nine asthmatic individuals 
(aged 19 to 30 years) with normal or nearly normal lung function 
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for both lung function and airway reactivity following exposure to 
ETS. Six patients reported a history of reaction to ETS. These 
subjects, all of whom were ofiF medication, were exposed for 1 hour 
(CO between 40 and 50 ppm). Their carboxyhemoglobin levels 
increased an average of 0.86% (p < 0.001), PVC decreased 2% 
(p < 0.0.1), and FEV;. declined 1% (not statistically significant). 
Airway reactivity was assessed using a methylcholine challenge 
test. The PD20FEV1 increased from 0.25 ± 0.22 on the day before 
exposure to 0.79 ± 1.13 postexposure (p < 0.05), mdicating a 
decrease in airway reactivity following exposure. The magnitude 
of this decrease was small, and the clinical meaning of the change 
is uncertain. 

There are a number of possible reasons for the apparent in- 
consistency among these studies, not the least of which is small 
sample sizes. The subjects har?> not been characterized fully. As 
noted by the authors, the stability of patients and mechanisms of 
brcnchoconstriction differ &mong subjects. For instance, patients 
were included in several of these studies, regardless of whether 
they were hypersensitive on the methylcholine challenge test. Fur- 
ther, some studies were performed on medicated patients. None 
of the studies could be performed blind to the presence of ETS, 
Therefore, th<5 authors could not exclude the possibility that pul- 
monary function changes could be emotionally related to cigare'>^e 
smoke exposure, especially in those patients who reported previous 
histories of adverse response to ETS exposure. 

There are several issues that are -^inresolved by these studies. 
For mstance, what proportion of a clearly defined population of 
asthmatics do react to ETS? If the patients are selected according 
to methylcholine or histamine responsiveness, criteria should be 
given for the extent of responsiveness, since it is a continuum. To 
address the issue of degrees of sensitivity, the appropriate case- 
control or cross-over studies, with carefully selected populations, 
need to be done. 

Mechanisms of Respoj^se 

The mechanisms responsible for eye irritation and rhinitie, as 
well as possible changes in airway size, are almost entirely un- 
known. They could represent irritant effects from gases such as 
oxides of nitrogen, acrolein, ammonia, and othet reactive con- 
stituents, Lundberg et al. (1983) reported that throat irritation 
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and local edema may be due to vapor-phase components that stim* 
ulate substance P release from local capsaicin-sensitive afferent 
neurons in the airway mucosa. It is also possible that an allergic 
mechanism could be involved. Several authors have described al- 
lergic reactions to cigarette smoke (see, fur example, Zussmann, 
1970). Cutaneous hypersensitivity to tobacco antigens has been 
described in clinical settings (Becker et al., 1976). Constituents 
of tobacco smoke have also been shown to be immunogenic in 
laboratory animals (Becker et al., 1979; Gleich and Welsh; 1979). 

During the last 10 years, Becker and colleagues (1979., ^981; 
Becker and Dubin, 1977) have isolated a tobacco glycoprotein both 
from cured tobacco leaves as well as from cigarette smoke con- 
densate. Animals that were previously sensitized to this antigen 
had both pulmonary and cardiovascular changes when challenged 
(Levi et al., 1982). However, the role, if any, of this antigen, as 
well as other antigens that may be present in tobacco smoke, in 



alone nonsmokers exposed to ETS, remains controversial. 

SUMMARY AND RECOMMENDATIONS 

There have been many studies of respiratory effe^^ts of expo- 
sure to ETS to children. In view of the weight of the scientific 
evidence that ETS exposure in children increases the frequency of 
pulmonary symptoms and respiratory infection, it is prudent to 
eliminate smoking and resultant ETS from the environments of 
small children. 



1. Children of parents who smoke comparec^ with the children 
of parents who do not smoke show increased prevalences of respi- 
ratory lymptoms, usually cough, sputum, and wheezing. The odds 
ratios from the larger studies, adjusted for the presence of parental 
symptoms, were 1.2 to 1.8, depending on the symptoms. These 
findings imply that ETS exposures cause respiratory symptoms in 
some children. 

2. Estimates of the magnitude of the efiect of parental smoking 
on FEVi function of children range from -jero to approximately 
0.5% decrease per year. This small effect is unlikely by itself to 
be clinically significant. However, it may reflect pathophysiologic 
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effects of exposure to ETS in the lungs of the growing child and, 
as such, may be a factor in the development of chronic airflow 
obstruction in later life. 

3. Bronchitis, pneumonia, and other lower-respiratory-tract 
illnesses occur up to twice as often during the first year of life in 
children who have one or more parents who smoke than in children 
of nonsmokers. 



What Scientific Information Is Missing 

1. ETS exposure during childhood may influence the devel- 
opment of airway hyperresponsiveness in adult life. Research is 
needed to address this issue. To evaluate the timing of physiologic 
changes during development may require animal studies. 

2. Future cross-sectional studies of ETS exposure and lung 
function in i^ults need to be designed to control for other factors 
that may affect lung function. 

3. Little information is available from long-term longitudinal 
studies of the effect of exposure to ETS by nonsmokers on lung 
function in either children or adults. Studies need to be carried 
out in areas with different climates and characteristics of housing 
over long enough periods of time to assess the effects of changing 
smoking patterns. Animal studies may also be required to address 
these longitudinal questions. Intervention studies, in which par- 
ents stop smoking in the presence of children, should be done to 
assess the reversibility of these effects. 

4, The pathophysiologic mechanism of increased susceptibility 
to viral infections in very young children exposed to ETS has not 
been clarified, 

5, The extent to which normal and asthmatic adults are af- 
fected by short-term exposures to ETS needs to be studied further. 

6, The few studies of the effect of short-term ETS exposure of 
asthmatic patients and of nonasthmatics are not consistent. This 
may be because they have not been conducted under adequate 
control and have examined persons with considerable variability 
in the severity of asthmatic disease and airway responsiveness. 
Future studies should carefully define the populations when ad- 
dressing issues of frequency of reaction to ETS and should be done 
separately on hyperresponsive and nonhyperresponsive patients 
when addressing issues of severity of reaction to ETS, 
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7. Studies of other patients with obstructive lung disorders, 
such as cystic fibrotic and alpharl-antitrypsin patients, need to be 
done. Future studies need to identify susceptible subpopulations, 
if they exist, who are unusually vulnerable to the acute effects of 
ETS exposure. 

8. There is no consensus on how to deal with data on parental 
respiratory eymptoms. Investigations should report on rates of 
childhood illness/symptoms using analyses that are both adjusted 
and unadjusted for parental symptoms. 

9. There is need for information on changes in pulmonary 
function between the end of the peak growth period and adult life 
to assess the possible reversibility of effects. 
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Exposure to Environmental 
Tobacco Smoke and Lung Cancer 



The risk of lung cancer in cigarette smokers is directly related 
to the number of cigarettes smoked. At low-to-average levels of 
smoking, thb relationship is approximately linear and with no 
appsaent threshold, although there are good theoretical reasons 
to believe that the true dose-response curve should be curvilinear 
and probably quadratic (Doll and Peto, 1978; Gart and Schneider* 
man, 1979)* Among smokers, an increase in exposure leads tr* an 
increase in risk, as long as the additional tob2u:co smoke, whether 
through active or passive smoking, reaches the bronchial epithe- 
lium. Passive smoking would, therefore, be expected to cause some 
increase in risk of lung cancer in active smokers, as well as in any 
other persons in whom the appropriate tissues are exposed. 

The studies reviewed in this chapter have attempted to ad- 
dress the questions of whether an increase in risk of lung cancer 
does occur in nonsmokers exposed to ETS and whether thr dose* 
response relationship is similar to that in smokers. In part, this 
depends on whether there is a threshold doe^ of cigarette smoke 
exposure below which there is no increase in risk. Biological theory 
and current evidence on low-dose exposure to carcinogens do not 
provide evidence for such a threshold, and it is generally thought 
that one is unlikely (Office of Science and Technology Policy, 1985). 
If there is no threshold, it follows that expo^iure to tobacco smoke 
at low concentrations, such as that experienced by nonsmokers 
exposed to ETS, will cause an increased risk of lung cancer. The 
risk, of courre, will be expected to be very much smaller than 
that associated with active smoking because of the much lower 
exposure of the bronchial epithelium to tobacco smoke. 
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TABLE 12-1 Urinary Cotinine (ng/ml) in Nonsmokers 
According to Number of Reported Hours of Exposure 
to Other People's Tobacco Smoke Within the Past 7 
Days (Including D ay Urine Sample Was Collected) 

Duration of Exposure 



Urinary Cotinine, 
Ouintile Limits (h) No. mean ± SD" 



1st 


0.0-1.5 


43 


2.8 ± 3.0 


2nd 


1.5-4.5 


47 


3.4 ± 2.7 


3rd 


4.5-8.6 


43 


5.3 ± 4.3 


4th 


8.6-20.0 


43 


14.7 ± 19.5 


5th 


20.0-80.0 


45 


29.6 ± 73.7 


All 


0.0-80.0 
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11.2 ± 35.6 



'Trend with increasing exposure was significant (p < 0.001). 



SOURCE: Wald ct al. (1984). 

USING BIOLOGICAL MARKERS 
TO ESTIMATE RISK 

Cotinine, a metabolite of nicotme, while of itself not con- 
sidered a carcinogen, is a useful marker of exposure to tobacco 
smoke, whether through active or passive smokmg. Table 12-1 
shows that the mean :xrinary cotinine concentration increases with 
the estimated exposure to other people's tobacco smoke over the 
past 7 days. Much of these data, collected in the United King- 
dom (Wald et al., 1984), showed that nonsmokers had, on average, 
about 0.4% of the concentration of urinary cotmine found in active 
smokers. Similar work done in Japan suggested that nonsmokers 
had relatively high cotinine levels, about one-seventh the levels in 
average Japanese smokers (Matsukara et al., 1984). The reason for 
this difference is not known and it needs to be investigated. How- 
ever, in both countries studies showed increasing urinary cotinine 
levels in proportion to the estimated increasing ETS exposure. 

In riiust of the epidemiologic studies that assessed the relation- 
ship of lung cancer to ETS-exposed nonsmokers, the measure of 
exposure used was "living with a smoking spouse.'' The observed 
risks of lung cancer for nonsmokers were compared for those living 
with a smoking spouse and those living with nonsmokers. While it 
is reasonable to believe that people living with smokers would be 
more heavily exposed to ETS than people living with nonsmokers, 
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this would 8;3em to be a relatively insensitive measure of expo- 
sure. Many people who are exposed to other peoples' smoke may 
not always be married to smokers. Even if they are married to 
smokers, they are likely to be exposed to their spouses' smoke for 
only a relatively small proportion of the day. The possibility exists 
that they may be exposed to other people's smoke, for instance, 
at work, or while in other public places. 

A study using urinary cotinine levels as a measure of expo- 
sure, however, showed chat ^marriage to a smoker*^ may identify 
individuals who are more exposed to tobacco smoke in general, not 
simply from their spouses (Wald and Ritchie, 1984). Table 12-2 
shows that the exposure to other people's smoke was greater for 
men married to smokers than for men married to nonsmokers (me- 
dian hours of reported exposure of 21.1 and 6.5 hours per week, 
respectively). Of particular relevance for epidemiologic studies 
is the fact that exposure is greater outside the home as well as 
within the home. A reasonable interpretation of this fact is that 
men married to smokers might be more tolerant of other people's 
smoke than men married to nonsmokers and are less likely to seek 
out smoke-free environments outside the home. Similar results, 
based on questionnaire information, have been reported by others 
(Priedmrxn et al., 1983). 

These results corroborate the use of a spouse's smoking his- 
tory as a method of classifying nonsmokers into groups that have 
different exposure levels to tobacco smoke. Using data from the 

*■ 

TABLE 12-2 Urinary Cotinine Concentration and Number of Reported 
Hours of Exposure to Other People's Tobacco Smoke Within the Past 7 
Days in Nonsmoking Married Men According to Smoking Habits of 
Their Wives 







Urinary Cotinine 

Concentration. 

ng/ml 


Exposure to Other People's Smoke in 
Preceding Week, h 


Smoking 
Category 
of Wife 


No. 
of 

Men 


Total 


Outside Home 


Mean (SE) Median 


Mean (SE) Median 


Mean (SE) Median 


Nonsmokcr 
Smoker 


101 

20 


8.5(1,3)" 5.0 
25.2(14.8) 9.0 


11.0(1.2)^ 6.5 
23.2(4.1) 21.1 


10.0(1 .2y 6.0 
16.4(3.3) 10.7 



NOTE: Differences (nonsmoking wife versus smoking wife): "/) < 0.05; < 0.001: 
< 0.06 (Wilcoxin rank sum test). 



SOURCE: Wald and Ritchie (1984). 
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British study (Table 12-2), the relative urinary cotinine levels in 
three groups— nonsmoking men married to nonsmoking women, 
nonsmoking men married to smoking women, and men who were 
themselves active smokers— were in the ratio of 1:3:215 (actual 
mean values were 8.5, 25.2, and 1,826 ng/ml, respectively; Wald 
and Ritchie, 1984, and personal communication). Assuming a sim- 
ilar half-life of cotmine in smokers and nonsmokers, this suggests 
that exposure to ETS among nonsmokers who are exposed is about 
1% (i.e., 25.2/1826) of that of active smokers* Similar results were 
reported by another United Kingdom study (Jarvis et al., 1984) 
and one from the United States (Haley et al., 1986). However, 
the half-life of cotinine in nonsmokers may be roughly 50% longer 
than in active smokers (Kyerematen et al., 1982; Sepkovic et al., 
1986), thereby changing the estimate of relative exposure by up 
to 50%. Assuming a usage of 20 cigarettes (one pack) per day by 
active (male) smokers and assuming a linear relationship between 
number of cigarettes smoked per day and urmary cotinine level, 
this represents exposure to smoke equivalents of roughly 0.1 to 
0.2 cigarettes per day* Others have estimated cigarette equivalent 
exposures of 0.2 to 1 cigarettes per day (Klosterkotter and Gono, 
1976; Hugod et al., 1978; Vutuc, 1984)* 

Urinary cotinine is at present the best marker of tobacco smoke 
intake for passive smoking dosunetry because it is highly sensitive 
and specific for tobacco smoke. Because it can be measured di- 
rectly in nonsmokers as well as active smokers, it makes it possible 
to estimate the relative exposures of the two groups (see Chap- 
ter 8). With other markers or with other substances in tobacco 
smoke, this is not currently possible* Estimates must be made of 
the extent to which these substances are inhaled in mainstream 
smoke, on the one hand, and released into room air, diluted, and 
then inhaled by nonsmokers, on the other (Chapter 7). Both of 
these estimates involve more assumptions in estimating the actual 
intake. 

Whether a urinary cotinine measurement c n provide a rea- 
sonable basis for computing a first estimate ot the risk ox lung 
cancer arismg from ETS exposure depends in part on whether the 
intake of the relevant carcinogens in active and passive smokers 
is directly proportional to the relevant intake of nicotine, from 
which cotinine is derived. Our lack of knowledge of which specific 
sr'^oke components are responsible for causing lung cancer and our 
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present inability to measure their intake directly creates uncer- 
tainty. But, as a first approximation, it is reasonable to assume 
proportioncdity. 

Based on the above dosimetric considerations, the risk of lung 
cancer from ETS exposure among nonsmokers in the United King- 
dom and United States would be small. Assuming linearity in the 
dose-respoc^e relationships, the risk would be about 1% of the 
excess risk in active smokers. This is equivalent to a relative risk 
of 1.14 in males, given that the relative risk in average male active 
smokers is 10 to 15 times greater than in nonsmokers (Hammond, 
1966; Doll and Peto, 1978). For ETS-exposed women, the average 
relative risk may be less. If the cotinine data suggesting greater 
ETS exposures in Japan are correct, the excess risk in Japan would 
be greater. 

ASSESSING THE RISK FROM EPIDEMIOLOGIC 
STUDIES OF LUNG CANCER 
AND EXPOSURE TO ETS 

Some of the epidemiologic studies on the possible relationship 
between ETS exposure of nonsmokers and lung cancer have been 
discussed elsewhere (Rylander, 1984; Samet, 1985; lARC, 1986). 
The majority of studies of lung cancer in nonsmokers and ETS 
exposure classify subjects on the basis of whether the nonsmoker 
lives with a smoker. Eighteen such studies were identified, and the 
analysis presented below is based on 13 studies listed in Tables 
12-3 and 12-4. The other 5 studies were excluded for the following 
reasons: 

• Knoth et al. (1983), no reference population was given; 

• Miller (1984), study reported all cancers but did not report 
on lung cancers separately; 

• Sandler et al. (1985), included very few lung cancer cases; 

• Koo et al. (1984), a more recent analysis of the population 
was presented in Koo et al. (1986); and 

• Wu et al. (1985), raw data were not presented. 

Otherwise our analysis used data from all the studies, thereby 
reducing the possibility of bias arising out of selecting only some 
of the studies that met minimal standards. 

Table 12-3 gives the characteristics of the 13 studies included 
in the analysis. The relative risk estimate, together with its 95% 
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TABLE 12-3 Epidemiologic Studies of Lung Cancer and Exposure to Environmental Tobacco Smoke: Methodological 
Description of Studies Included in Analysis 



Exposure Assessment*' 



Study 



Subjects 



Type of Proxy Not 

Interview Informants? Married 



Environments 
Exsmokers'' Assessed Comments 



Chan and 
Fung, 
1982 



Hong Kong, <39: 84 
cases (out of 189); 
139 orthopedic 
controls 



Trtchopoulos, Greece: 62 cases (out 
claL, of 102); 190ortho- 

1983 pcdic controls (out 

of 251) 



Correa Louisiana: 30 (22F, 

etal., 8M) cases (out of 

1983 35)313 (I33F. 

180M) hospital 
controls (diseases 
not related to 
smoking) 



Interview, 
not blind 



Interview, 
not blind 



Interview, 
blinded 



No criteria 
given 



No 



No criteria No criteria given Home and 
given workplace 



Yes (24% of 
cases, 11% 
of controls) 



"Unexposed*' 


Exclude if 


Spouse 




smoked within 


(current 




"rior 20 yr; 


and 




"nonsmoker*" if 


former) 




no smoking in 






20 yr; "ex* 






smoker" if 






stopped 5-20 yr 






before 




Excluded, 


Exclude; used 


Spouse* 


include 


pack yr of 


parents 


'*ever 


husband 




married'* 







Little information on 
methods or selection 
of controls: no 
adjustments of odds 
ratio: high cancer 
rate 'or South China 

Excluded adenocarci- 
nomas and terminal 
bronchial: original 
sample similar age 
and SES, no match 
on final sample 



No adjustment for age, 
race, or hospital 
admission: reported 
odds ratio for older 
than 40: excluded 
bronchioalvcolar 
cancer 



to 
to 
oo 



Kabat and 
Wyndcr, 
1984 



Bufflcr 
ct al.. 
1984 



Garfinkel 
et at.. 
1985 

Pershagen 
et al.. 
in press 



Akiba 
ct al., 
1986 



Multicentcr USA: 78 Interview, 
(25M, 53F) cases: not blind 
78 (25M. 53F) 
controls (non- 
tobacco cancers) 

Texas: 41 cases (out of Interview 
460): 192 popula- 
tion-based controls 
(out of 482) 



NJ. Ohio: 134 cases 
age 40+: 402 colon 
cancer 

Sweden: 67 registry 
cass^; 347 controls 



Japan: 113(94F, 
19M) cases (out of 
164); 380(270F, 
llOM) controls 
(match age» city, 
vital status) 



Interview, 
blinded 



Mailed 



Interview, 
not blind 



No 



Yes 



Yes 



Ves 



24 cases and 
25 controls 
had no 
spouse 

No criteria 
given 



Used data on 
relative, 
otherwise 
"unexposed* 

"Unexposed" 



Yes. (90% of 
cases, 88% 
of controls) 



Only data for 1 yr 



No criteria given Spouse 



Exclude, exposed 



Exclude 



Excluded 



Exclude: spouse 
"nonsmokcr" if 
no smoking in 
prior 10 yr 



Workplace. Cases, controls 
home matched for age. 

sex. race, hospital, 
and date interviewed 

Original population 
matched age. race, 
vital status, county: 
no match on final 
sample 
No dose-response 
effect: corrected for 
age. SES. date 
diagnosed 
Previous interview 
1961. 1%3 with 
follow-up 1984: 
possible interaction 
with radon: adjusted 
for occupation, 
radon, urban: 
matched for age. 
vital status 
Spouse. Selected from atomic 

parents bomb survivors: 

average age more 
than 70: no adjust- 
ment for radiation 
dose 



Home, out* 
side home 



Spouse, 
parents, 
workplace 



to 
to 



ERJC 



238 



TABLE 12-3 Continued 



Exposure Assessment'' 



Study 



Subjects 



Type of Proxy Not Environments 

Interview Informants? Married Exsmokers'' Assessed 



Con;nicnts 



Koo Hong Kong: 86 cases 

ctal.. (out of 200); 136 

in press controls (out of 200) 



Lee England: 47 (32F, 

et al., ISM) cases (out of 

1986 t,863);96(66F, 
30M) controls 

Garfinkel USA survey: 375,000 
etal., women (176,739 

1981 married) (total 153 

cases) 

Gillis Scotland: 4,061 mar- 

ct a!.. ried pairs (total 6 

1984 cases) 
Hirayama. Japan: 142.857 women 
1981, age 40+ (91,450 

1984 married) (total 200 

ca& :s by death 
certificates) 



Interview, 
not blind 



Interview 



Mailed 



Interview 
self-report 

Interview, 
blindH 



No 



No 



Yes 



No 



No 



Used work- 
place 



Excluded 



Excluded 



Excluded 
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Exclude; expo.ed 



Exclude 



Used relative Exclude 



Exclude 



Exclude; calcu- 
lated risk 
separately 



Workplace, 
home, 
parents 



Home, work- 
place, 
leisure, 
daily travel 

Spouse 



Spouse 



Spouse 
(current) 



Original sample 
matched for age, 
SES: no data on 
match in final sam* 
pie; data on former 
spouses 

Follow* up; original 
sample matched for 
age. sex; not 
matched in final 
snimple 

Intorv;cw(d 1959, I960 
followed up 1972; 
adjusted for age, 
race, education, 
occupation, disease 

Survey 1972, 1976 with 
mortality through 
1982; age adjusted 

Interviewed, follow*up 
16 yr later; differ- 
cnces in age. occupa- 
tion 



"These columns include the criteria for certain aspects of exposure assessment treated in the data analyses of the study. 
^Disposition if subject is exsmoker; disposition if husband is exsmoker. 
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confidence interval, is shown in Figure 12-1 for each of the studies. 
Also shown in Figure 12-1 is the summary estimate based on the 
studies combined. The relative risk estimates of lung cancer in 
nonsmokers in association with ETS exposure, together with the 
data used for calculating them, are given in Table 12-4. The data 
given in this table permit readers to combine any subset of the 
13 studies which they may wish to consider. A summary estimate 
of the relative risk for the selected studies can then be calculated 
using the general method described in Appendix B. The method 
weights each study by its statistical precision and avoids making 
inappropriate comparisons across different studies. In the course 
of examining the data, several such subset analyses were conducted 
and the results are presented below. 

The overall sunmiary relative risk of lung cancer among non- 
smokers in association with ETS exposure was 1.34 (95% confi- 
dence limits 1.18-1.53). For all women the relative risk was 1.32 
(1.16-1.51); for men it was 1.62 (0.99-2.64). The wide confidence 
limits for men reflect the fact that most of the data were based 
on uonsmoking women rather than nonsmoking men. For studies 
conducted in the United States, the relative risk was 1.14 (0.92- 
1.40). Considering only the largest studies (those with expected 
number of lung cancer deaths of 20 or more), the relative risk 
estimate was 1.32 (1.15-1.52). The confidence limits on oach of 
these estimates all include the overall sunmiary estimate of 1.34. 

CORRECTIONS TO ESTIMATES 
FOR SYSTEMATIC ERRORS 

Two alternative explanations can be given for the finding 
of an increased risk in the epidemiologic studies. The finding 
may represent a direct and causal effect of ETS exposure on lung 
cancer in nonsmokers; or it could be due in whole or in part to 
bias, either in the form of systematic errors in the reporting of 
information or a confounding factor that is associated both with 
lung cancer and the fact of living with h spouse who smokes. An 
important question to answer is "What true risk, modified by a 
reasonable set of bias-producing factors, could lead to the average 
risk indicated by the epidemiologic studies?" In tiie following 
sections two computations are given that estimate how much the 
true relative risks might be modified as a result of these possible 
kinds of misclassification. 
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TABLE 12-4 Summary of Epidemiologic Studies of Risk Based on Exposure Assessed by Spouse Smoking Habits, 
When Available, or Smoking by the Household Cohabitants 



Lung Cancers in 
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Study Study 
No. Authors 


Location 


Sex 


**Exposcd'* Group 
Obs. Exp. 


0-E 


Var. of 
(0-E) 


Risk" 


95 7o 

Confidence 
Limits 




Case'Cottinti Studies 




















1 Chan and Fung, 


Hong Kong 


F 


34 


37.7 


-3.7 


13.01 


0.75 


0.44 


1.30 


1982 


















2 Trichopoulos 


Greece 


F 


33 


29.3 


8.7 


11.70 


2.13 


1.18 


3.78 


ct al., 1983 
















3 Correaetal.. 


U.S.A. 


F 


14 


10.6 


3.4 


4.75 


2.03 


0.83 


5.03 


1983 




M 


2 


1.2 


0.8 


0.98 


2.29 


0.31 


16.50 


4 Kabat and 


U.S.A. 


F 


13 


13.7 


-0.7 


3.06 


0.79 


0.26 


2.43 


Wynder. 1984 




M 


5 


5.0 


0.0 


1.52 


1.00 


0.20 


4.90 


5 Bufflcret al.. 


U.S.A. 


F 


33 


34.1 


-1.1 


4.78 


0.80 


0.32 


1.99 


1984 




M 


5 


6.6 


-1.6 


2.37 


0.50 


0.14 


1.79 


6 Garfinkel et al.. 


U.S.A. 


F 


92 


89.5 


2.5 


22.33 


1.12 


0.74 


1,69 


198S 


















7 Pcrshagen ct al.« 


Sweden 


F 


33 


29.6 


3.4 


13.88 


1.28 


0.75 


2,16 



in press 



8 Akiba et al., Japan 


F 


73 


67.4 


5.6 


14.19 


1.48 


0.88 


2.50 


1986 


M 


3 


1.8 


1.2 


1.38 


2.45 


0.46 


13.06 


9 Kooctal.. Hong Kong 


F 


51 




S 7 


xt to 

1 J. IV 


1 .D4 


0.90 


2.64 


in press 


















10 Lee ct al.. 1986 England 


F 


22 


7t Q 


n t 


A It 

4. /I 


I.OJ 


0.41 


2.47 




M 


8 


7.3 


0.7 


2.56 


1.30 


0.38 


4.42 


Overall for Case'Cumrol Studies 




426 


401.0 


25.0 


114.40 


1.24 


1.04 


1.50 


Cohort, Prospective Studies 


















11 Garfinkcl. 1981 U.S.A. 


F 


88 


81.8 


6.2 


30.82 


1.18'' 


0.90 


1.54 


12 Gillts ct al.. 1984 Scotland 


F 


6 


6.0 


0 n 


1 .DO 


1 .uir 


U.2U 


4,91 


13 Htrayama. 1984 Japan 


M 


4 


2.3 


1.7 


1.40 


3.25'' 


o.e-'^ 


17.65 


F 


146 


129.5 


16.5 




t A*) 
1 .OJ 


t '>C 


2.1 1 




M 


7 


3.3 


3.7 


3.02 


2.25 


1.04 


4.85 


Overall for Prospect iw Studies 




251 


222.9 


28.1 


71.65 


1.44 


1.20 


1.72 


Overall for All Studies 




692 


tJJ 


53.1 


186.0 


1.34 


1.18 


1.53 



"Risk is given as calculated odds ratios for case-control studies (sec Appendix E for calculations) and published relative risk for cohort, prospective 
studies. 

''Ratio of age standardized mortality rates. 
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ETS EXPOSURE BY NONSMOKERS AND LUNG CANCER 



0J5 

03 
0^ - 

0.1 - 



in 



A « A» studies 

6 > Alt studiM with at teast 20 •t(p«c1«d cases 
C • Only female studies 
n B Only male studies 
> All U.S. studies 



-J L. 



-J- 



_i 



STUDY NUMBER 1 2 3 



5 6 7 8 9 10 11 12 13 



CASE-CONTROL STUDIES 



PROSPECTIVE 
STUDIES 




FIGURE X2-1 Passive amoking and lung cancer. The relative risk (point 
estimate and 9B% confidence interval) of lung cancer in nonsmokers whose 
spouses smoke compared with nonsmokers whose spouses do not smoke for 
each of the studies given in Tible 12-4 and the summary estimate based on 
all the studies combined. The figures for females arc si own first for studies 
based on male and female subjects. STUDIES: 1. Chan and Fung, 1982; 
2. IVichopoulos et al., 1983; 3. Correa ct al., 1983; 4. Kabat and Wyndcr, 
1984; 5. Buffler et al., 1984; «5. Garfinkcl ct al., 1985; 7. Pershagcn ct al., in 
press; 8. Akiba ct al., 1986; 9. Koo et al., in press; 10. Lee ct al., ^'^86; 11. 
Garfinkcl, 1981; 12. Gillis et al., 1984; 13. Hirayama, 1984. 



Misclassified Exsmokers and the Tendency for 
Spouses to Have Similar Smoking Habits 

One source of potential bias that would influence the estimates 
of relative risk is that some people who occjusionally smoke or 
who have smoked in the past may report that they have never 
smoked. Having smoked, these people are somewhat more likely to 
develop lung cancer than would true lifelong nonsmokers. Because 
smokers tend to marry smokers, they are also more likely to have 
a spouse who smokes or did smoke in the past. Table 12-5 shows 
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that the bias produced by this misreporting could be serious. 
The arguments presented in this table are an extension of ideas 
discussed by Lee (Lehnert et al, 1984), From the table it is 
apparent that for this misclassification to fully account for the 
observed excess risk, it would be necessary that 8% or more of 
smokers and exsmokers report themselves as nonsmokers and that 
their smoking habits and history be identical with those of the 
self«-reported smokers. 

The proportion of people who say that they are nonsmokers, 
but who in fact do smoke, can be estimated using biochemical 
markers of tobacco smoke absorption. They appear to constitute 
about 0,5-3%, depending on the population studied and the ques- 
tionnwre used (Wald et al,, 1981; Saloojee et al,, 1982), The 
proportion of people who smoke or have done so in the past but 
who say they have never smoked has also been estimated in two 
cohort studies (see Chapter 6), In one of these studies (N. Britten, 
England, personal communication University of Bristol, England; 
see Table 6-4), information on smoking was obtsuned in detail in 
a longitudinal study, A proportion (4,9%) of the subjects said 
they had never smoked as much as one cigarette a day in 1982, 
when in fact they had previously smoked and reported so in pre- 
vious intek^iews. These subjects, however, had smoked at a rate 
of about half that of the current smokers and nearly all of them 
(93%) had stopped smoking 10 or more years earlier. Similar, or 
slightly higher, misreporting has been noted for older persons (see 
Chapter 6), However, older persons are likely to have smoked less 
and to have quit longer ago. 

Table 12-5 is based on the assumption that people who fail 
to report that they have been smokers have the same risk of lung 
cancer as the average current smoker. As indicated in Table 6- 
4, "misclassified smokers'* are more likely to have htm exsmokers 
who failed to record the fact that they had smoked at Aome time in 
the past or, if they were current (or recent) smokcvs, they smoked 
fewer cigarettes per day than the average smoker (Table 6-4), In 
either event, therr spouses* risk of lung cancer would be lower than 
for the spouse of a current smoker. 

The American Cancer Society^s study of smoking (Hanunond, 
1966) reported that women who smoked 20-30 cigarettes a day had 
a 4,9-fold increased risk of lung cancer compared with reported 
nonsmokers. The British Physicians* Study (Doll et al,, 1980) 
yielded an estimate of 6,4, Both studies were conducted a number 
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^AT'^.E 12-5 Illustration of a Bias Likely to Affect Passive Smoking 
Studies 



ASSUME: (i) proportion of smokers among women = 35% 

(ii) proportion of smokers among men 50% 

(iii) aggregation of smokers with smokers and nonsmokers with nonsmokers' 
= 3.5 



Trur Sittiuttoit 



Odds of having a 
spouse who smokes 

Spouses 



100,000 Women 



35% 
Smokers 

35.000 S 



8% 
Misclassified 
as nonsmokers 

I 

2.800 S 




65% 
Nonsmokers 

65.000 NS 



2.28:1 1.3:2 

/ \ / \ 

1 .947. 1 S (a) 852.9 NS (b) 25.660.8 S (c) 39.339.2 NS (d) 



Assume true RR of 
lung cancer associated 
with smoking (8.0) 
and spouse snicking 

(1.0) 8.0 8.0 1.0 1.0 
Rate/10.000/10 

years 40.0 40.0 5.0 5.0 
Number of lung 

cancers 7.79(e) 3.41 (f) 12.83(8) 19.67(h) 



Observed Sttuation 
Observed no. 

Observed no. in spouse groups 
Observed no. of lung cancers 
Observed rate/10.000/10 years 
Observed RR of lung cancer 
associated with spouse smoking 



67.800 (65.000 NS + 2.800 smokers misclassi- 
fied as nonsmokers) 

27,607.9 S(a+c) 40,192.1 NS(b + d) 
20.62 (e+g) 23.08 (f+h) 

7.47 5.74 

1.30 



CONCLUSION: Misclassification error would increase the true relative risk of 1.0 to 1.30. 

''Ratio of cross-products in a 2 X 2 table of smoking status (Yes or No) by spouse smoking 
status (Yes or No). 

ABBREVIATIONS: S = smoker; NS = nonsmoker; RR = relative risk. 
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of ^3arft ago. With the increased duration of tmoldng in women 
in recent years, these relative risks also should have increased. 
The relative ride estimate may be as high as 8.0. lb the extent 
that this msy be an overestimate, it will tend to exaggerate the 
effects of m is cl sss i ilcation. The lung cancer relative risk for persons 
miscla s si fied as nonsmokers is, for the reasons given, probably less 
than half of that for correctly classified active nnokers (relative 
risk of 4) and probably closer to one*quarter (relative risk of 2). 

Applying the same argument illustrated in l^le 12-5, the 
misclassification effect on the relative risk is given in Table 12-6 
(N. Wald and K. Nanchahal, personal communicati<m), assuming 
that the risk of lung cancer of misclsssified nonsmokers is half that 
of current smcJcers (relative risk = 4.0) or one-quarter (relative 
risk = 2.0). 

Table 12-6 shows the possible effect <^ a nonrandom marriage 
(aggregation) pattern. In this table the extent of nonrandom 
association is described by an ''aggregation* factor. 7he degree of 
aggregation is estimated oy the ratio of the crose*products in a 2 
X 2 table of smoking status of study subjects by spouse smoking 
status. For the computatbns in Tit ''e 12-6, three aggregation 
factors are assumed^ 2.5, 3.5 and 4.5. The smoker aggregation 
factor (from epidemiologic studies) appears to be about 2 to 5 
Table 12-7; Wald et al., perscmal commcunication). 

The overall effect on an assumed true association between 
passive smoking and lung cancer, i.e., the '^rue* relative risk, is 
shown in Table 12^ for relative risks rangmg from 1.0 (i.e., no as- 
sociation) to 1.25 (i.e., 25% increase in lung cancer risk associated 
with passive smoking). It is assumed that 9S% of women smoke 
and 50% of men smoke. Also, the effects of the misdassification 
of between 2% and 10% of smokers as nonsmokers is sho^m. The 
most plausible assumptions are a relative risk of 2.0 to 4.0, an ag- 
gregation factor of S to 4, and a misdassification rate of 2 to 7%. 

use Table 12-6, locate the rows and columns that cor>!espond 
the the above most plausible assimoiptions. The entries in the body 
of the table that are approximately 1.34, i.e., the observed overall 
relative risk, correspond to the set of parametric values that, with 
plausible assumptions of the bias, would inflate a true relative risk 
to the observed values. Inspection of the data within tiie body 
of Table 12-6 shows that an observed relative risk of 1.34, given 
the range of assumptions specified in the table, could come about 
if there were a true relative risk of no less than 1.15. That is, 
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TABi^ 12-6 Estimates of the Observed Relative Risk of Lung Cancer 
from Studies of Married Nonsmokers; Assuming 35% of Women and 
50% of Men in the General Population Are Curreitt Smokers 

True Relative Risk 







Marriage 


Proportion of Misclassified Smokers 




Passive 


Misclassificd 


Ae^re^ation 












Smokers 


Smokers'' 


Factor'' 


2% 


4% 


6% 


8% 


10% 


1.00 


2.0 


2.5 


1.01 


1.02 


1.03 


1.04 


1.04 






3.5 


t.Ol 


1.03 


1.04 


1.05 


1.06 






4.5 


1.02 


K03 


1.04 


1.06 


1.07 




4.0 


2.5 


1.03 


1.05 


1.08 


1.10 


1.12 






3.5 


1.04 


1.08 


1.11 


1.14 


1.17 






4.5 


1.05 


1.09 


1.13 


1.17 


1.20 




8.0 


2.5 


1.06 


1.12 


1.17 


1.21 


1.25 






3.5 


1.09 


1.17 


1.24 


1.30 


1.36 






4.5 


1.11 


1.20 


1.29 


1.37 


1.43 


l.OS 


2.0 


2.5 


1.06 


1.07 


1.08 


1.08 


1.09 






3.5 


1.06 


1.08 


1.09 


1.10 


1.11 






4.5 


1.07 


1.08 


1.09 


1.11 


1.12 




4.0 


2.5 


1.08 


1.10 


1.13 


1.15 


1.17 






3.5 


1.09 


1.12 


1.16 


1.19 


1.21 






4.5 


1.10 


1.14 


1.18 


1.22 


1.25 




8.0 


2.5 


1.11 


1.17 


1.21 


1.26 


1.29 






3.5 


1.14 


1.21 


1.28 


1.34 


1.40 






4.5 


1.16 


1.25 


1.33 


1.41 


1.48 


1.10 


2.0 


2.5 


1.11 


1.12 


1.13 


1.13 


1.14 






3.5 


1.11 


1.12 


1.14 


1.15 


1.16 






4.5 


1.12 


1.13 


1.14 


1.16 


1.17 




4.0 


2.5 


1.13 


1.15 


1.17 


1.19 


1.21 






3.5 


1.14 


1.17 


1.20 


1.23 


1.26 






4.5 


1.15 


1.19 


1.23 


1.26 


1.30 




8.0 


2.5 


1.16 


1.21 


1.26 


1.30 


1.33 






3.5 


1.19 


1.26 


1.33 


1.39 


1.44 






4.5 


1.20 


1.30 


1.38 


1.45 


1.52 


1.15 


2.0 


2.5 


1.16 


1.17 


1.17 


1.18 


1.19 






3.5 


1.16 


1.17 


1.18 


1.20 


1.20 






4.5 


1.17 


1.18 


1.19 


1.21 


1.22 




4.0 


2.5 


1.18 


1.20 


1.22 


1.24 


1.26 






3.5 


1.19 


1.22 


1.25 


1.28 


1.31 






4.5 


1.19 


1.24 


1.27 


1.31 


IT341 




8.0 


2.5 


1.21 


1.26 


1.30 


1.34 


1.38 






3.5 


1.23 


1.31 


1.37 


1.43 


1.48 






4.5 


1.25 


1.34 


1.43 


1.50 


1.56 


1.20 


2.0 


2.5 


1.21 


1.22 


1.22 


1.23 


1.24 






3.5 


1.21 


1.22 


1.23 


1.24 


.1.25 






4.5 


1.21 


1.23 


1.24 


1.2S 


1.27 




4.0 


2.5 


1.22 


1.25 


1.27 


1.29 


1.30 






3.5 


1.24 


1.27 


1.30 


|1.33 


1.35| 






4.5 


1.24 


1.28 


1.32 


[U6j 


1.39 
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TAILE 12>6 Continued 



True Reltttve Risk 


Mtrritge 
















Proportion of Misclassified Smokers 




Passive 


Miscltssified 


Aggregation 












Smokers 


Smokersf 


Factor* 




Aor 


07» 




10% 




ft 0 


2.5 


1.26 


1.30 


1.35 


1.38 


1.42 






3.5 


1.28 


1.35 


1.42 


1.47 


1.52 






4.5 


1.30 


1.39 


1.47 


1.54 


1. 61 


1.25 


2.0 


2.5 


1.26 


1.27 


1.27 


1.28 


1.29 






3.5 


1.26 


1.27 


1.28 


1.29 


1.30 








1.26 


1.28 


1.29 


1.30 


i.Ji 




4.0 


2.5 


1.27 


1.30 


1.31 1 




1.35 






3.5 


1.29 


1.32 


f7!35 




1.40 






4.5 


1.29 


1.33 


1.37 


1.40 


1.44 




8.0 


2.5 


1.30 


1.35 


1.39 


1.43 


1.46 






3.5 


1.33 


1.40 


1.46 


1.52 


1.57 






4.5 


1.35 


1.44 


1.52 


1.59 


1.65 



"Subjects who have smoked either in the pA^t or currently, but claim to be lifelong non- 
smokers. 



''Marriage aggregation factor defined as ratio of cross-products of 2 X. 2 table of smoking 
status of study subject by smoking status of spouse. 

NOTE: The values inside the boxes indicate those situations that are most plausible, based 
on other sources of data for parameters, and yield observed relative risks of about 1 .34. 



TABLE 12-7 Number of Smokers and Nonsmokers According to the 
Smoking Habits of Their Spouses and the Odds Ratio Indicating the 
Extent of Such Marriage Aggregation" 



Females Males 



Spouse 


Smoker 


Nonsmoker 


Total 


Smoker 


Nonsmoker 


Total 


Smoker 


53 


17 


70 


20 


11 


31 


Nonsmokcr 


47 


83 


130 


53 


80 


133 


All 


100 


100 


200 


73 


91 


164 


Oddsi..(io 


5.5 




2.3 





"Based on interviewing 200 women and 164 men attending a liealtli screening center in 
London or working in the Civil Service in Newcastle in 1985, 

SOURCE: Waldet al., personal communication. 
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a true relative rbk of 1.15 or more could, by a reasonable set of 
imsclassification biases, be elevated to 1.30 in an epidemiologic 
study. Stated differently, this implies that reasonable misclassifi- 
cation does not account for the total increased risks reported by 
the epidemiologic studies, leaving the conclusion that the risk of 
lung cancer following exposure to other people's smoke, as judged 
by whether a nonsmoker has a smoking spouse, would be increased 
by a minimum of 15%, and most probably increased by 25% (i.e., 
1.25). (If the percentage of women smokers were as high as 50%, 
it would be 1.20.) 

The study by Garfinkel et al. (1985) provides data relevant 
to the misclassification of exsmokers and the tendency for spouses 
to have similar smoking habits. In this study, subjects were in- 
terviewed if the hospital record indicated nonsmoker or made no 
mention of smoking status. From interviews by the investigators, 
it was determmed that 40% of the women had actually smoked. 
Among these women who smoked, 81% had husbands who smoked, 
but only 68% of the women who were in fact nonsmokers had hus- 
bands who smoked, yielding an aggregation factor of 2.0. 



In the studies that classify nonsmoker exposure based on 
v/hether or not the spouse smokes, some of the "unexposed" non- 
smokers, i.e., married to nonsmokers, are likely to be exposed in 
other settings. For instance, some nonsmokers married to non- 
smokers may be exposed to ETS in the workplace. Therefore, 
some individuals in the baseline, '^unexposed,'' group for these 
studies must have been exposed, and hence have risks greater 
than unity if there is an ETS effect. In the studies, which do ask 
about exposure to ETS in all environments, there still tends to 
be misclassification of some nonsmokers as '^unexposed," because 
there may be a tendency to overlook episodes of exposure. 

The data from urinary cotinine studies and the observed rel- 
ative risks can be used to estimate this effect. The only known 
source of cotinine in the body is from nicotine, which is virtually 
exclusively derived from tobacco, with the exception of nicotine 
chewing gum and nicotine aerosol rods. Therefore, if people who 
actively use tobacco or nicotine-containing aids to help stop smok- 
ing are excluded, cotinine can be used as an objective measure of 



EflTects of Incorrectly Classifying 
Persons as Unexposed to ETS 
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(recent) exposure to tobacco smoke in nonsmokers. For the follow- 
ing argument, the cotinine in body fluids is compared for the two 
groups of nonsmokers, those who reported exposure to ETS and 
those who reported no exposure. Since both groups are nonsmok- 
ers, the concern of whether or not the clearance rates for nicotine 
or nicotine metabolites difiFer between smokers and nonsmokers is 
not germane to these estimates. 

In the study by Wald and Ritchie (1984), the urinary coti- 
nine levels among nonsmokers exposed to smoking spouses were 3 
times those of nonsmokers married to nonsmokers. Using a linear 
model of risk and assuming that the 3:1 ratio represents a lifetime 
difference, the implied relative risk of these two groups would be 
^qual to: 



jlj^ ^ ^ ^^^^ — "exposed*^ nonsmokers . . 

1 + risk to "unexposed" nonsmokers' ^ ' 

where is the dose received by nonsmokers who are self-declared 
"unexposed" and P is the increase in risk per unit dobe received 
(for details, see Appendix C). This equation assumes that the 
lifetime carcinogenic dose received by nonsmokers who say that 
they are "exposed^ is 3 times that of truly unexposed nonsmokers, 
assuming cotinine levels to be a proxy for carcinogenic constituents 
of ETS. 

When Equation 12-1 is set equal to the relative risk, one can 
solve for fid^^ In the previous section, it was noted that the true 
relative risk is likely to be 1.25 and, as argued above, probably 
lies between 1.15 and 1.35. Consequently, relative risk values of 
1.25, 1.15, and 1.35 will be considered. Using these values, fid^ 
will be 0.14 ("ranging" 0.08 to 0.21). Therefore, the relative risk 
of self-identifie<? "unexposed" nonsmokers compared with truly 
imexposed non ikers is: 

(12-2) 

which would be 1.14 ("ranging" 1.08 to 1.21). The relative risk 
of "exposed" nonsmokers compared with a truly unexposed non- 
smoker is: 

(12-3) 
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which would be 1.42 (**ranging" 1.24 to 1.61). That is, the in- 
creased risk of lung cancer as a result of chronic exposure to ETS, 
corrected for the effect of not identifying a truly unexposed refer- 
ence group of nonsmokerr- is 1 '^ely to be at least as lare;e as the 
observed risk. 

We can say, therefore, that while the epidemiologic studies 
show a consistent and, in total, a highly significant association 
between lung cancer and ETS exposure of nonsmokers, the excess 
might, in principle, possibly be explained by bias. However, de- 
tailed consideration of the nature and extent of the bias shows that 
given some reasonable assumptions the bias would be insufficient 
to explain the whole effect. In fact, there are some types of bias 
that lead to underestimates of the effect. It must be concluded, 
therefore, that some, if not all, of the effect reported in spouse 
studies is causal. 



OTHER CONSIDERATIONS 

Some of the spouse-smoking studies show a dose-response ef- 
fect with rates increasing with increasing exposure as measured by 
increasing levels of cigarette consumption by the smoking spouse 
(see Tables 12-8 and 12-9). A dose-response relationship also sug- 
gests a causal explanation, although biases could also operate to 
affect this estimation. It is possible that a person misclassified as a 
nonsmoker married to a smoker will have a cigarette consumption 
that is correlated with that of his or her spouse. A misclassified 
nonsmoker married to a heavy smoker would, therefore, have a 
higher risk of lung cancer independent of spouse is smoking than a 
misclassified nonsmoker married to a light smoker, thus giving the 
appearance of a dose-response relationship between ETS exposure 
and lung cancer. 

This possible pseudo-dose-response effect arises only as a re- 
sult of misclassifying smokers as- nonsmokers. It is of interest, 
therefore, that one study has reported an effect of passive smoking 
in /smokers as well as nonsmokers (Akiba et al., 1986). However, 
it does not appear that adjustment has been made for amount 
smoked. To the extent that smokers married to smokers may 
smoke more than the smokers married to nonsmokers, this would 
bias the results. 
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♦ TABLE 12-8 Risk of Lung Cancer in Nonsmr Jeers 

According to Cigarette Consumption of Spouse 

Authors Findings 



Cuse-CoiUroi Studies 

Trichopouloscia!.. 1983 Exsmoker I.O 

1-20 cig. per day 2.4 

21+ cig. per day 3.4 

Garfinkc! ct al., 1985 1-19 total cig. per day 0.84 

20-39 total cig. per day 1.08 

40+ total cig. per day 1.99 

Ogar/pipe 1.13 

Akiba et al.. in press 1-19 cig. per day 1.3 

20-29 cig. per day 1.5 

30+ cig. per day 2.1 

Co/iort Stinii'es 

Hirayama. 1984 1-19 cig. per day 1.45 

20+ cig. per day 1.91 

Garfinkel. 1981 1-19 cig. per day 1.77" 

20+ cig. per day 1.10" 



''Mortality ratios, not relative risks. 

NOTE: Relative risk for self-reported unexposed is assumed to be 
I.O. 



Most of the studies considered the histological type of lung 
cancer. In general they showed a higher proportion of adenocarci- 
noma in ETS-exposed nonsmokers than would be expected among 
active smokers. This is to be expected in view of the fact that 
the proportion of adenocarcinomas is, in general, higher among 
nonsmokers. Adding some nonadenocarcinoma-type disease, pos- 
sibly as a result of ETS exposure, would reduce this proportion. It 
would nonetheless leave the proportion of adenocarcinomas higher 
than would be found among lung cancer cases among active smok- 
ers. If there vere a high relative risk of adenocarcinoma associated 
with ETS exposure of nonsmokers, it would suggest a r^al effect, 
but the published data are insufficient or not pres^^ented in a way 
to allow assessing this issue at this time. 

Two studies have examined the risk of lung cancer associated 
with passive smoking using parental smoking hs a measure of 
exposure instead of spouse smoking (Correa et al., 1983; Sandler et 
al., 1985b). The first found an association with maternal smoking 
{RR = 1.66, p < 0.05) but not with paternal smoking {RR = 
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0.83). The second found no significant association with smoking 
of either parent. 

The bias discussed in connection with spcuse-smoking studies 
is likely to apply also to parental-smoking studies. In addition, 
these two studies included active smokers as well as recorded non- 
smokers, and it is likely that the children of smokers start smoking 
at a younger age and possibly smoke more than do smoking chil- 
dren of nonsmoking parents (U.S. Public Health Service, 1984). 
This would also be a source of bias. 



TABLE 12-9 Risk of Lung Cancer in Nonsmckers According to Duration 
of Smoking of Spouse or Other Measures of Exposure Not Shown in 
Table 12-7 



Authors 


Findings 








Cttse-Coittrol Studies 










Trichopoulos et al.. 1983 


Total no. of cig. (in thousands): 






1-99 


1.3 








100-299 


2.5 








300 + 


3.0 






Corrca et al., 1983 


Total pack-years: 


Mules 


Females 




1-40 






1.18 




41-.- 






3.52 




All 




2.0 


2.07 


Kooet al.. 1984 


Total hours: 
1-3.499 
3.500+ 
Any 


1.28 
1.02 
1.24 






Garfin;:cletal., 1985 


No. of h/day: 




Lust Syr 


Lust 2Syr 




1-2 




1.59 


0.77 




3 6 




1.39 


1.34 




>6 




0.94 


1.14 


Pershagen ct al.. in press 






Kreyhurf* / 


Kreyhurg U 




Less than 15 cig./day or 








SO g tobacco/wk for less 








than 30 yr 




1.8 


0.8 




More than 15 cig./day or 








SO g tobacco/wk for more 








than 30 yr 




6.0 


2.4 


Akiba ct al.. in press 


Pack-days within last 10 yr: 








< 5-000 




1.0 






5,000-9.999 




2.8 






10.000+ 




1.8 





NOTE: Relative risk for sclf'reportcd unexposed is assumed to be 1.0. 



ErJc 253 



245 



Pershagen et al. (in press) reported that the relative risk 
for lung cancer in women married to smokers and living in a 
home that had measurable radon levels was increased relative 
to the effects of living with a smoker or living in a home with 
radon. They suggested that this might represent an interaction 
between exposure to ETS and radon. Research needs to be done 
that explores this association further in light of recent reports of 
high radon concentrations in homes (Code of Federal Regulations, 
1985). 

SUMMARY AND RECOMMENDATIONS 

The weight of evidence derived from epidemiologic studies 
shov/s an association between ETS exposure of nonsmokers and 
lung cancer that, taken as a whole, in unlikely to be due to chance 
or systematic bias. The observed estimate of increased risk is 
34%, largely for spouses of smokers compared with spouses of 
nonsmokers. One must consider the alternative explanations that 
this excess either reSects bias inherent in most of the studies or 
that it represents a causal effect. Misclassification can have con- 
tributed to the result to some extent. Computations of the effect 
of two sources of misclassification were presented. Computations 
taking into account the possible effects of misclassified exsmokers 
and the tendency for spouses to have similar smoking habits placed 
the best estimate of increstsed risk of lung cancer at about 25% 
in persons exposed to ETS at a level typical of that experienced 
by nonsmokers married to smokers compared with those married 
to nonsmokers. Another computation using information from co- 
tinine levels observed in nonsmokers and taking into eu:coimt the 
effect of making comparisons with a reference population that is 
truly unexposed leads to an estimated increased risk of about one- 
third when exposed spouses were compared with a truly unexposed 
population. The finding of such an increased risk is biologically 
plausible, because nonsmokers inhale other people's smoke and, as 
a result, absorb smoke components containing carcinogens. 

What Is Known 

1. A summary estimate from epidemiologic studies places the 
increased risk of lung cancer in nonsmokers married to smokers 
compared with nonsmokers married to nonsmokers at about 34%. 
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AflsumiBg linearity at low-to-average doses and a constant pro- 
portionality of nicotine and carcinogens in mainstream smoke and 
ETS, extrapolation from studies of active smokers using relative 
urinary cccinine places the risk at about 10%. 

2. To some extent, misclassification (bias) may have con- 
tributed to the results reported in the epidemiologic literature. 
However, bias is not likely to account for all of the increased risk. 
The best estimate, allowing for reasonable misclassification, is that 
the adjusted risk of lung cancer is increased about 25% (i.e., RR 
= 1.25) in nonsmokers married to smokers compared with non- 
smokers married to nonsmokers. When one allows for exposure 
to nonsmokers who report themselves as unexposed, the adjusted 
increased risk is at least 24%. The adjusted increased risk to a 
group of nonsmokers married to nonsmokers is at least 8% (i.e., 
RR = 1.08) compared with truly unexposed subjects. This excess 
risk may come about from exposures in the workplace or other 
public places. 



1* It would be useful to quantify the dose-response relation- 
ship between ETS exposure and lung cancer more precisely using 
biological markers of exposure. Studies should be done that incor- 
porate these biological markers. 

2. Laboratory studies would be important in determining 
the carcinogenic constituents of ETS and their concentrations in 
typical daily environments and in facilitatii^g understanding of 
possible dose-response relationships. 

3. The interaction between ETS and radon exposure, which 
can increase risk of lung cancer, is worth examining further. 
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Cancers Other Than 
Lung Cancer 



The association of lung cancer with exposure to ETS has 
yielded relative risks of 2 or less for ncnsmokers. As cancer of 
the lung is the cancer most strongly associated with active smok- 
ing, weaker effects would be expected for cancers that are less 
closely related to smoking. The first emphasis in this chapter is on 
smoking-related cancers, because these might be more plausibly 
associated with exposure to ETS. However, exposure to ETS oc- 
curs at earlier ages than active smoking; thus, there may be effects 
of ETS exposure on risk for other cancers. 



SMOKING-RELATED CANCERS 

Active tobacco smoking is an important cause not only of lung 
cancer^ but also of bladder cancer, cancers of the pancreas and re- 
nal pelvis, and probably of the nasal sinus and kidneys. Oral, 
oropharyngeal, hypopharyngeal, laryngeal, and oesophageal can- 
cers are also strongly associated with active smoking, especially in 
conjunction with the use of alcohol. Primary cigar and pipe smok- 
ers face a somewhat lower risk for cancer of the lung than cigarette 
smokers, but their risk for cancer of the larynx, pharynx, oral cav- 
ity, and esophagus is similar if not greater than that of cigarette 
smokers (U.S. Department of Health and Human Services, 1982). 
Also, lip cancer is associated with tobacco smoking, as well as pan- 
creatic caurer and, perhaps, renal adenocarcinoma. An increased 
risk of cervical cancer has been observed in tobacco smokers, ' 
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TABLE 13*1 Studies of Passive Smoking and Cancers Other Than Lung 
Cancer with Significantly Increased Risks 







Size (Cases 


Tumor 








and Population 


Outcome 




Author 
r%U liiur 




or ^ontml<) 


OIUUICU 


Ortrt« Ratios^ 


Hirayama. 1984 


Cohort 


34/91.540 


Brain 


3.0;6.3;4.3 






28/91.540 


Nasal sinus 


1.7u.0:2.6 


Miller. 19S4 


Case*Control 


123/537 


All sites 




Gillis, 19S4 


Cohort 


Male: 8/827 


Sites 


O.S (M) 






Female: 43/1917 


other than 
lung 


1.26 (F) 


Sandler ct al., 


Casc'Control 


518/518 


All sites 


1.6 


1985% 


(total/ in* 




Breast 


1.8 


(adulthood 


eludes smokers 




Cen'ix 


1.8 


exposure) 






Endocrine 
glands 


3.2 


Sandler et al.. 


Case*control 


869/409 


All sites 


1.4;2.3;2.6 


1985b 


(subset) in- 




Breast 


2.0:2.4:3.3 


(lifetime 


cludes smokers 




Cen'ix 


1.6:3.6:3.4 


exposure) 






Leukemia and 
lymphoma 


2.5:5.1:6.8 


Sandler et aL« 


Case'Control 


438/470 


All sites 


1.5 


1985e 


(subset) in- 




Cervix 


1.7 


(early life 


cludes smokers 




Hematopoctie 


2.4 


exposure) 






tissue 





"Given with increasing do^e, if available. 



the causal relationship is unclear (International Agency for Re- 
search on Cancer, 1986). The risk for these cancers to nonsmokers 
exposed to ETS has been the subject of a few studies. 

Hirayama (1984; see Chapter 12 and Table 13-1) examined 
cancers of the mouth, pharynx, oesophagus, bladder, pancreas, 
and cervix. The relative risks were not given, but they waos 
reported to be insignificant. However, a relationship between ETS 
exposure in nonsmokers and nasal smus cancer was noted, with 
rate ratios for the aforementioned exposure categories of 1.7, 2.0, 
and 2.6, respectively (see Table 13-1). 

Sandler et al. (1985a; described in more detail below and in 
Table 13-1) also did not find a significant odds ratio for any of 
the smoking-related cancers (including lung cancer), except for 
cervical cancer {p < 0.05). The odds ratios given for these cancers 
included smokers as well as nonsmokers. Therefore, since the odds 
ratios were not significant for the combined group, they would 
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not be expected to be significant for the nonsmokers analyzed 
separately. 



CANCERS NOT RELATED TO SMOKING 

Hirayama's (1984) study, based on a cohort of 91,450 non- 
smoking Japanese women, suggested an increased mortality from 
brain tumors among women whose husbands smoked. The rate ra- 
tios were 3.0, 6.3, and 4.3 for exposure to husbands smoking 1-14, 
15-19, or 20 or more cigarettes per day, as compared with non- 
smoking wives of nonsmoking husbands as the reference group. A 
trend was noted for all cancer sites, but the risk elevation became 
insignificant when lung, nasal sinus, brain, and breast cancers were 
excluded. No significant associations were found for cancers of the 
stomach, colon, rectum, liver, peritoneum, ovary, skin, or bone, or 
for malignant lymphoma or leukemia. 

Sandler et al. (I985a,b,c), reporting on a case-control study 
from North Carolina, suggested an association of exposure to ETS 
at diflFerent periods during a lifetime with various types of cancer. 
People with cancer at any site, except basal cell cancer rf the 
skin, were included in this study. The cases were drawn from a 
hospital-based tumor registry, irrespective of personal histories of 
smoking. Mailed questionnaires were used for collecting data on 
exposure, preceded by a telephone call for the control subjects, 
but not for the cases. 

Many of the odds ratios reported in these articles are for the 
combined group, as briefly reported in Table 13-1. However, some 
results were reported separately for nonsmoking cases (No. = 231) 
and controls (No. = 235). The results discussed below are bas?d 
on the latter group and thus reflect only 31% of the total eligible 
patient group. 

The oven *1 crude cancer risk among individuals who were ever 
married to smokers was 2.1 times that of those never married to 
smokers. Significantly elevated risks (p < 0.05) were seen also for 
cancer of the cervix (odds ratio 2.1) and endocrine glands (odds 
ratio 4.4) (Sandler et al., 1985a). A nonsignificant odds ratio of 
2.0 was obtained for cancer of the breast. 

A subset of this study involved subjects who had lived with 
both natural parents for most of the fir?^ 10 years of life and had 
information on the smoking habits of both parents and spouses. 
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Overall cancer risks were found to increase steadily ani signifi- 
cantly with each additional household member who smoked (San- 
dler et al., 1985b). The overall risk was significant only for adult- 
hood exposure, either alone or in addition to childhood exposure 
(Sandler et al., 1985d). This trend appeared both for cancers tra- 
ditionally associated with smoking and for other sites, with the 
strongest trend for the smoking-related cancers. 

The transplacental and childhood exposures to ETS were spe- 
cifically studied in another subset of the same study; however, 
the data were not adjusted for prenatal exposure (Sandler et al., 
1985c). There were no significantly increased risks indicated for 
all sites or for specific cancers. Hematopoietic-tissue-cancer risk 
had an odds ratio of 2.3 when maternal smoking was considered 
and 2.4 when paternal smoking was considered (significance not 
given). 

Cancers of hematopoietic tissues have been reported as in- 
creased in children whose mothers smoked during and after preg- 
nancy. Neutel and Buck (1971) studied 65 cancer deaths among 
89,302 children and found that the rate of leukemia among children 
of smokers was about twofold that of nonsmokers, but without a 
dose-response trend. The total number of leukemia cases in this 
study was 22. Manning and Carroll (1957) studied 187 cases of 
leukemia, 42 cases of lymphoma, and 93 other cancers among chil- 
dren, but found no effect of mothers* smoking habits. Neither of 
these studies separated the effects of in utero exposure from the 
exposure to ETS after birth. 

Two studies have evaluated all sites of cancer as a group. 
Miller (1984) questioned relatives of women v^ho died between 
1972 and 1976 m Erie County, Pennsylvania. He found a non- 
significant increased risk (1.40) of any cancer among women whose 
husbands smoked. In another study (Gillis et al., 1984), a popuk- 
tion in Scotland was followed up 10 years after an initial screening 
survey for cstrdiovascular disease. The West of Scotland Cancer 
Registry was screened for subsequent incidence of cancer. Among 
the nonsmoking males, there were 8 cases of cancer other than 
lung cancer. The standardized mortality rates were actually de- 
creased among men whose wives smoked (ratio = 0.50). Among 
the nonsmoking women, there were 43 cases of cancer other than 
lung cancer, and the ratio of standardized mortality rates was 
nonsignificant ly increased (1.26). 
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Jn the study by Preston-Martin et al. (1982) of childhood 
brain tumors, case and control mothers were simila*^ in use of 
cigarettes during pregnancy. This is in contrast to the finding that 
significantly more case mothers than control mothers lived in a 
household with a smoker. The lack of an association of risk with 
maternal smoking, the association of smoking behavior with other 
lifestyle-related exposures, and the lack of apparent adjustment for 
smoking status of the mother make these uncorroborated results 
difficult to interpret. 

INTERPRETATION 

Interpretation of these observations regarding a possible asso- 
ciation of ETS exposure and cancers with or without previously 
found associations with smoking is difficult. Only a few studies 
have been reported, on cancer and ETS exposure other than lung 
cancer. 

The Sandler et al. (I985a,b,c) reports have been criticized for 
not maintaining matchmg (Higgins, 1985), for recruiting controls 
through two separate mechanisms, for conducting interviews in 
two different ways (telephone interviews or mailed questionnaires), 
and for insufficient information on other variables known to be 
risk factors for the various cancers that have been studied in 
these reports (Burch, 1985; Prisdman, 1986; Mantel, 1986). The 
criticism of the lack of informatior on other known risk factors 
is of special concern and it also pertinent to the Hirayama study. 
For instance, alcohol use, reproductive and sexual histories, and 
occupational exposures are important risk factors for several of 
the cancers studied. 

Considermg increased risks for hematological malignancies, 
leukemia has not been thought to be smoking-related even though 
there have been reports of higher leukemia risks among smokers. 
However, there is a possibility that inhaled lead-210, originat- 
ing from the tobacco or from radon daughters attaching to ETS, 
could end up in the skeleton, especially in young indiiiduals who 
are building up their skeletons, and would result in irradiation of 
the bone marrow. Such an explanation is presently highly specu- 
lative, but increased concentrations of lead-210 have been found 
in the skeletons of adult smokers (Holtzman and Ilcex.icz, 1966; 
Blanchard, 1967). Adults would be less sensitive to radiation than 
children. Austin and Cole (1986) suggest that, in addition to the 
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possible influence of radioactive elements, benzene, urethane, and 
nitrosamines may be contributing factors. All of these chemicals 
are found in cigarettes and ETS, and they have been shown to be 
leukemogenic in experimental animals, or in humans. 

The findings of increased brain cancer associated with ETS ex- 
posure in the Hirayama (1984) study, and possibly in the Preston- 
Martin et al. (1982) study, are of note. i\r-nitroso compounds are 
potent nervous system carcinogens in animals (Magee et al., 1976; 
Preussman, 1984, 1986). 

SUMMARY AND RECOMMENDATIONS 

These recent observations on a possible connection between 
ETS and various forms of cancer have created much discussion and 
some confusion. The lack of consistency with other data on tumors 
among children of smoking mothers and the appearance of tumors 
that are not clearly smoking-related call for further epidemiologic 
research. Any new studies in this area will, hopefully, have a very 
careful, rigorous design, so that more definitive evaluation of this 
possible health hazard from ETS exposure is possible. 

What Is Known 

1. There is no consistent evidence at this time of an^ increased 
risk of ETS exposure for cancers other than lung cancer. 

Wliat Scientific Information Is Missing 

1. Smoking-related cancers other than lung cancer need to 
be studied with adequate numbers and good exposure data and 
with consideration of the potential confounding effects from other 
known risk factors for these cancers. 

2. Some cancers not related to active smoking, especially 
lymphohematopoietic neoplasms, should be studied in relation to 
ETS exposure, particularly in childhood. Then the possibility of a 
etiologic role of inhaled decay products of veuion (like bone-seeking 
lead-210) should be considered. 
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Cardiovascular System 



The efF3cts of active smoking on exercise tolerance, blood 
pressure, and the risk of develcpLig cardiovascular disease have 
been reviewed elsewhere (U S. Public Health Service, 1983). This 
chapter discusses studies of ETS exposure to nonsmokers and 
subsequent possible cardiovascular effects. The constituents that 
are thought to have the greatest effect on the cardiovascular system 
are carbon monoxide (CO) and nicotine. The possibility exists 
that the mechanisms, as well as the magnitude of the effects, 
for acute and chronic cardiovascular effects may be different for 
exposure to whole smoke and to ETS. 

ACUTE CARDIOVASCULAR EFFECTS OF 
ENVIRONMENTAL TOBACCO SMOKE EXPOSURE 

Administration of nicotine at level similar to those induced 
by active cigarette smoking is shortly followed by increases in 
heart rate and blood pressure (U.S. Public Health Service, 1983). 
Plate! ^t aggregation has been shown to be increased in in vitro 
studie'' CO rapidly combines with hemoglobin in the blood to 
form Carboxyhemoglobin (COHb), thereby leading to some degree 
of tissue hypoxia. CO combines with muscle myoglobin, which is 
followed by some muscle hypoxia. The level of exposure of the 
nonsmoker to these cigarette smoke constituents, however, is less 
than that of the active smoker, and the effects are expected to be 
less. 
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TABLE 14-1 Carbon Monoxide and Carboxy hemoglobin Levels in 
Nonsmoking Individuals 

Experimental Studies (Controlled Chambers} 



Carboxyhernofilobin 
CO, 1 

ppm" Control Change 



Study Cigaret!es/h/IO 


m"^ Subjects 


ppm" 


Control Change 


Anderson and Dalhamm. 3. 1 




4.5 


0.3 


0 


1973 










Dahms et aL 1Q81 


tn 








Harke. 1970 3.9 


7 


30 


0.9 


+ 1.2 


Huch e! al.. 1980 2.3 


12 




1.3 


+ 0.5 


Hugodeial.. 1978 2.5 


10 


20 


0.7 


+ 0.9 


Pimmeial.. 1978 2.4 


10 


24 


0.5 


+ 0.3 


2.4 


10 


24 


0.7 


+0.2 


rOiaK, 1977 6.7 


15 


23 


2.0 


+0.3 


Russell etal.. 1973 15.1 


12 


38 


1.6 


+ 1.0 


Sepp^nen and Uusitalo, 3.8 


28 


16 


1.6 


+ 0.4 


1977 










Srch. 1967 50 




90 


2 


+3 


Observational Studies 














Nonexposed: Exposed 


Study Subjectr/Exposure 


No. of 


Carboxy- 




CO Ex- 


Subjects 


hemoglobin. % 


pired, ppm 


Foliart et al.. 1982 Flight attendants/8 h 


6 


1.0:0.7 






Jarvis et aL. 1983 Normal/public house 


7 






4.7:10.6 


for2h 










Lightfoot. 1972 Normal/submarine 




~:1.0 






Wald et al., 1981 Participants in health 


6.641 








screening program 










Jarvis et al., 1984 Normal/self report 


10 


0.9:0.8 




5.7:5.5 


Seppanen and Restaurant for 5 h 


47 


2.1:2.1 






Uusitalo. 1977 (CO:2.5-15 ppm) 










Office for 8 h 


15 


2.3:2.3 






(CO:2.5 ppm) 











"Carbon monoxide (CO) measured as a proxy to indicate the concentration of ETS in the 
chamber. 



COHb commonly observed in active smokers are higher, ranging 
between 4 to 6 percent, rarely greater than 12 percent (Schievel- 
b em and R'vhter, 1984). Because exposure of the nonsmoker is 
qualitatively different than exposure to smokers, a simple scaling 
down of effects observed in active smokers does not appear to be 
fully appropriate. Therefore, the effects of exposure to nicotine, 
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TABLE 14*2 Resting Acute Cardiovascular Effects in Nondiseased 
Humans of Exposure to Environmental Tobacco Smoke 

Results 



Authors 



Study 

Population Conditions 



Measured 
Variable 



Before After 



Luguette et aL. 1970 40 children 



Harkc and Bleichert. 
1972 



10 



Runinielet al.. 1975 56 



Hurshman et al.. 1978 8 



Pimnictal.. 1978 



10 males 
10 females 
Age = 22.3 Time: 2 h 



Room: 9 nr^ 
No. cig.: 6 
Time: 15 min 
Room: n.g. 
No. cig.: 150 
Time: 20 min 

Room: 30 m'^ 
No. cig.: 6-8 
Time: 20 min 
Room: n.g. 
No. cig.: 2-6 
Time: 10 min 
Room: 14.6 nr^ 
No. cig.: 7 



Heart rate 89 97 

Blood pressure 1 16/67 120/72 

Heart rate 72 ± 8 74 ± 12 

Blood pressure 123/84 121/84 
Skin temperature 

(-^C/min) 0 0.0273 

Heart rate 72 ± 10 71 ± 11 

B lood pressure 117/71 117/71 



Heart rate 
Blood pressure 

Heart rate 



73 79 

107/67 114/68 

84(F) 80(F) 

77(M) 70(M) 



CO, or ETS need to be separately studied. In addition, consid- 
eration needs to be given to persons of different sensitivity or 
vulnerability. 

Healthy Subjects 

Table 14-2 lists studies that report on the consequences of 
exposure of nondiseased individucils to ETS for periods up to 
2 hoiiis under experimental, resting conditions. There were no 
significant changes noted in heart rate or blood pressure in school- 
aged children or in adult men and women. 

Two studies evaluated the physiologic responses to exercise 
with and without exposure to ETS. In the first, Pimm et al. 
(1978) (see also Table 14-2) had subjects perform a 7-minute pro- 
gressive exercise test on an electronic bicycle ergometer. During 
exercise, the women had higher heart rates after exposure to ETS 
when compared with control conditions (differences of 6.3 beats 
per minute at 2 minutes and 4.5 beats per minute at 7 minutes, 
p < 0.01). The recovery hev:t rates were not significantly differ- 
ent. The men, however, showed little difference between test and 
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control conditions (differences of -0.1 beats per minute at 2 min- 
utes and 1.5 beats per minute at 7 minutes). In the second study, 
Sheppard and colleagues (1979b) tested 11 males and 12 females 
at two different levels of ETS (i.e., 7 cigarettes over 2 hours, CO = 
20 ppm, or 9 cigarettes over 2 hours, CO = 31 ppm). Under both 
exposure conditions, contrary to expectations, both the increment 
in heart rate and average heart rate were less with ETS exposure. 

In sunmiary, for normal young adult males and females, no 
significant acute effects of ETS exposure on heart rate or blood 
pressure liave been reported, either under resting or aerobic con- 
ditions. 

There have been several studies of exposure of normal sub- 
jects under resting and aerobic conditions to low levels of CO but 
higher than those found with ETS exposure (reviewed in Envi- 
ronmental Protection Agency, 1984). No significant effects were 
found in healthy, exercising subjects during short-term exposure 
(e.g., Drinkwater et al., 1974; Raven et al., 1974a,b: DeLucia et 
al., 1983). 



Angina Patients 

Angina pectoris is a symptom complex involving feelings of 
pressure and pain in the chest, which is prod -ced by mild exercise 
or excitement, presumably because of insufficient oxygen supply 
to the heart muscle. Under conditions of ETS exposure, the CO 
levels are increased, thus possibly placing individuals with angina 
at an increased risk of recurrent episodes. 

Anderson et al. (1973) and Aronow and his colleagues, in a 
series of experiments (1973, 1974, 1978, 1981) (T^ble 14-3), stud- 
ied angina patients under aerobic conditions with exposures to low 
levels of CO and to ETS. Ten patients with diagnosed angina pec- 
toris, of whom two were smokers and eight exsmokers, were tested 
(Aronow et al., 1978). Significant increases in systolic blood pres- 
sure and heart rate, and decreases in time to onset of angina, were 
noted when the subjects were ej.posed to smoke in either venti- 
lated or unventilated rooms (the actual levels of CO under these 
conditions were not noted). There were some subjective elements 
in the evaluation of these patients, and the physician conducting 
these tests was aware of the test conditions, i.e., smoking or not 
and ventilated or not. Consequently, the findings of this study, in 
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TABLE 14-3 Acute Cardiovascular Effects of Exposure to CO or 
Environmental Tobacco Smoke by Nonsmoking Angina Patients 



Study 


Design 


No. 


Conditions 


Results 


Anderson et al.. 


Double'blind. 


10" 


CO: 50 ppm 


Mean duration before onset 


1973 


Cross -over 




or 100 ppm 


of pain shorten'* * '.50 ppm 








Time; 4 h 


and 100 ppm); duration 








for 5 days 


of pain longer (100 ppm 










only) 


Aronow and I.sbell. 


Double blind. 


itf' 


CO: 50 ppm 


Times until onset decreased; 


1973 


Cross* over 




Time: 2 h 


decrease in BP and heart 










rate at angina 


Aronow. 1978 


Not blinded 


10" 


No. cig.: 15 


Earlier onset of s.ngina; in* 








Time: 2 h 


creased systolic BP and 








Room: 30.28 m'^ 


heart rate at angina 


Aronow et ah, 1979 


DoublC'blind. 


20 


COHb: 4% 


Impairment in visuatizatior 




Cross«over 






test 


Aronow. 1981 


Doublc*bHnd, 


15 


CO: 50 ppm 


Time until onset decreased; 




Cross*over 




Time: 1 h 


decreased systolic BP and 








COHb: 2% 


heart rate at angina 



'^Includes five smokers and five nonsmokers. 
''Not current smoker*;. 

' Includes eight exsmoKers and two current smokers. 



the absence of a true double-blind approach, require verification 
by other research workers. 

The effects of rapid angina onset would be expected to be due 
to increased COHb levels. Anderson et al. (1973) and Aronow et 
al. (1973> 1981) exposed angina patients to low levels of CO. In 
these studies, angina pain appeared when COHb levels of patients 
were measured at 2 and 4%. These studies have been reviewed ex- 
tensively as part of the Environmental Protection Agency's (1984) 
activity in establishing air quality criteria for carbon monoxide. 
The review group found that the results were suggestive for ef- 
fects at COHb levels above 3%, based on animal and theoretical 
models. There is concern that alevated levels of CO exposure may 
affect the electrical stability of the heart in previously compro- 
mised heart muscle, thus possibly leading to sudden death. The 
levels reviewed in Table 14-1 are close to the 3% level. This sug- 
gests that there is reason to be concerned with possible effects 
of exposure. However, a firm quantitative estimate of the ri&k to 
nonsmoking persons, under conditions of ETS exposure, cannot 
bo made from the literature at this time. 
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CARDIOVASCULAR DIPEASE 
MORBIDITY AND MORTALITY 

Possible pathophysiologic mechanisms for the atherogenic in- 
fluence of cigarette smoking were reviewed in the 1983 Report of 
the Surgeon General Experimental studies of subcutaneous or 
intravenous administration of nicotine in rabbits (Schieyelbein et 
al, 1970; Schievelbein and Richter, 1984) and monkeys (Liu et 
aL, 1979) have demonstrated that long-term exposure leads to ar- 
teriosclerotic lesions. Exposure to carbon monoxide also leads to 
atherosclerosis in rabbits, pigeons, and other animals (Astrup and 
Kjeldsen, 1979). Studies of whole tobacco smoke indicate that to- 
tal serum cholesterol concentrations are increased and the ratios of 
the various lipoprotein fractions are changed (McGill, 1979). The 
contribution of whole tobacco smoke to modifying the lipoprotein 
fractions is not conclusive. However, there have not been experi- 
mental studies uf the effects of ETS exposure or administration of 
ETS extracts. 



Smoking and Cardiovascular Disease 

The effects of active smoking on human health are summa- 
rized in the Surgeon General's report The Health Consequences 
of Smoking: Cardiovascular Disease (U.S. Public Health Service, 
1983). The principal conclusions are that cigarette smokers ex- 
perience a 70% greater coronary heart disease (CHD) death rate 
thau do non^mokers and that smokers of more than two packs per 
day have 2 to 3 times greater CHD death rates than nonsmokers. 
The incidence of CHD in smokers is twice that of nonsmokers. 
Heavy smokers (more than two packs per day) hn/e an almost 
fourfold increase. The relative risk in smokers for sudden death 
iii greater than that for all deaths from CHD. The relative risk in 
young smokers is greater than that in older smokers. The rela- 
tive risk for young women smokers, especially those who use oral 
contiraceptives, is greater than 5. 

The excess relative risk associated with smoking declines 
rapidly upon cessation of smoking, in some studies as much as 
50% in 1 year. For exsmokers who previously smoked more than 
one pack per day, the residual excess risk also declines, but never 
completely disappears. The decline in risk on cessation of smoking 
cannot be explained by differences in known cardiac risk factors 
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between individuals who continue smoking and individuals who 
have quit. Smokers who have used only pipes or cigars did not 
appear to experience a substantially greater CHD risk than non- 
smokers. 

The rapid decline in risk associated with smoking cessation 
and the greater relative risk for sudden death suggest ^.hat active 
smoking can precipitate cardiac events in individuals with preex- 
isting cor:: nary artery disease. Autopsy evidence of increased arte- 
riosclerosis in smokers, coupled with the fact that risk of exsmok- 
ers never returns to the levels found in nonsmokers, suggests that 
cigarette smoking is also implicated in the development of arte- 
riosclerotic cardiovascular disease (ASCVD). The mechanism by 
which cigarette smoke may lead to the development of chronic 
ASCVD, sudden death, or acute myocardial infarction is unknown. 
There appears^ however, to be no threshold in the number of 
cigarettes smoked below which there is no increase in risk. 

Data on uptake of cotinine by nonsmokers exposed to ETS 
indicate that the exposure in nonsmokers chronically exposed to 
ETS is approximately 1% that of an active smoker (who smokes 
one pack per day) (see Chapters 8 and 12). If the excess relative 
risk for CHD mortality or morbidity is a linear, nonthreshold 
function of dose and, further, if the excess risk of CrD in a one- 
pack-a-day smoker is twofold, then the relative risk from CHD 
in nonsmokers exposed to ETS (compared to true nonsmokers) 
would be approximately 1.02. Such relative risks would be difficult 
to detect o;* estimate reliably in nonexperimental studies. Such 
small increases in relative risk are of the same oider magnitude 
as what might arise from expected residual confounding due to 
unmeasured covariates. Nonetheless, because of the large number 
of cardiovascular deaths each year, these possibilities deserve close 
attention and further study that could lead to firmer estimates of 
excess risk. 



Studies of Environmental Tobacco Smoke Exposure and 
Mortality from Cardiovascular Disease 

Garland et al. (1985) have reported that, in a prospective 
study of the effect of passive smoking, the age-adjusted rates 
of cardiac disease deaths in nonsmoking women whose husbands 
were former or current smokers were significantly elevated. It is 
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not certain, however, that xiie report is correct, because of a possi- 
ble miscalculation or misuse of the Mantel-Haenszel statistic and 
some othvr methodologic problems. Data for the wives of former 
smokers were grouped with wives of current smokers. If this group- 
ing were made after examining the data, which indicated that the 
risk was greater among th^ women whose husbands were former 
smokers, then this combination would be suspect. The p values 
based on the Mantel-Haenszel test may be inappropriate m view 
of the small sample sizes. The authors employ the Cox Propor- 
tional Hazard analysis to control for other factors associated with 
cardiovascular ris*^, such as age, blood pressure, cholesterol, obe- 
sity, years of marriage, etc. They report a relative risk for women 
married to current or former smokers compared with women mar- 
ried to never-smokers of 2.7 (Garland, 1985, corrected from an 
earlier report). The p value (< 0.10) associated with this esti- 
mate is based on the asymptotic assumptions that are implicit in 
likelihood-based inference from the Cox model. These assump- 
tions may not hold for small sample sizes. In summary, because of 
the small sample sizes, the significance calculations arising from 
this study must be looked upon as approximations. 

Gillis et al. (1984) reported the results of a follow-up study 
of residents of two urban communities in Scotland. Nonsmokers 
exposed to cigarette smoke in their homes had a slightly higher rate 
of myocardial infarction than those unexposed. The sample size 
was small, so that few of the results were statistically significant, 
and other risk factors for myocardial infarction were not controlled 
for. 

Hirayama (1984) reported the results of a 15-year prospective 
study of nonsmoking Japanese women classified at start of follow- 
up by the smoking status of their husbands. A relative risk from 
ischemic heart disease of 1.3 was found for nonsmoking women 
whose husi^ands smoked more than 19 cigarettes per day com- 
pared with nonsmoking women whose husbands did not smoke. A 
Mantel-Haenszel test for a linear trend was significant at the p < 
0.01 level. ^ 

It is unlikely that Hirayama^s results can be explained by 
chance. The potential biases inherent in this study (see Chapter 
12) limit the weight that can be placed on these results. The 
observed relative risk of 1.3 is at the upper limit of the expec- 
tations derived from extrapolations from active smokers, unless 
the uptake of the zictive component of cigarette smoke to which 
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passive smokers are exposed is of the /Jer of 10% of that of active 
smokers. Matsukura et al. (1984) have suggested that r.ach high 
levels of uptake in passive smokers may be seen in Japan. If there 
were independent evidencf! that nonsmokers exposed to other peo- 
ple's cigarette smoke do not differ on known risk factors for CHD 
from unexposed nonsmokers, more reliance could be placed on 
Hirayama's results. 

Svendsen et al. (1985) reported on the effect of cigarette smoke 
exposure to smoking wives among men participating in the Multi- 
ple Risk Factor Intervention Trial (MRFITj. MRFIT, which began 
in the mid-1970s, was a randomized primary prevention trial de- 
signed to test the effect of a multifactor intervention program on 
mortality from coronary heart disease in men with previous car- 
diac episodes. The men were chosen for participation if they had at 
least two of three risk factors for heart disease, including smoking, 
high cholesterol levels, or high blood pressure. The results re- 
ported by Svendsen et al. (1985), based on the group of men who 
never smoked but whose wives may or may not have been smokers, 
indicate no difference between exposed (i.e., smoking wives) and 
nonexposed (i.e., nonsmoking wives) of nonsij^oking men for blood 
pressure or serum cholesterol. The MRFIT study demonstrates a 
roughly twofold increase in the risk of CHD mortality and morbid- 
ity among nonsmokers exposed to ETS. The sample size was small, 
and the results were not statistically significant. Adjustment for 
other risk factors for CHD did n.>t change the estimates of effect. 

SUMMARY AND RECOMMENDATIONS 

What Is Known 

1. No statistically significant effects of ETS exposure on heart 
rate or blood pressure were found in healthy men, women, and 
school-aged children during resting conditions. During exercire 
there is no difference in the cardiovascular changes for men iiid 
women between conditions of exposure to ETS and control condi- 
tions. 

2. With respect to chronic cardiovascular morbidity and mor- 
tality, although biologically plausible, there is no evidence of sta- 
tistically significant . Tects due to ETS exposure, apart from the 
study by Hirayama in Japan. 
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What Scientific Information Is Missing 

1. Experimental studies with animal models need to be per- 
formed with ETS to determine whether the cardiovascular changes 
seen following exposure to whole smoke also occur following expo- 
sure to ETS. 

2. Existing studies have not provided evidence of serious 
harm in people with heart disease. With regard to angina onset, 
the findings are uncertdn and need to be repeated. 
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Other Health Considerations 
in Children 



Several other health outcomes have been studied that relate to 
the growth and health of children. This chapter discusses studies 
of the influeuce of ETS exposure on birthweight of the offspring 
of nonsmoking pregnant women and its influence on childhood 
growth and ear infections. For all postnatal outcomes, it is often 
not possible to differentiate effects of in utero exposure to tobacco 
smoke constituent from subsequent childhood exposures to ETS. 



ENVmONMENTAlr TOBACCO SMOKE EXPOSURE 
BY NONSMOKING PREGNANT WOMEN 

The fetus of a smoking mother is exposed in a unique way 
to the chemicals produced in cigarette smoke. Many studies have 
documented the adverse effect this relationship has on intrauter- 
ine fetal growth, especially during the third trimester of pregnancy 
(U.S. Department of Health and Human Services, 1976) Mater- 
nal cigarette smoking apparently affects fetal oxygenation, due to 
high levels of carboxyhemoglobin in the blood of both mother and 
child (Abel, 1980). However, the effects on the fetus of a nonsmok- 
ing mother chronically exposed to ETS are not well documented. 
Some studies have indirectly approached this problem by evaluat- 
Id;^ paternal cigarette smoking and birth outcomes in nonsmoking 
pregnant women. 

Some early studies of paternal smoking and birthweight dem- 
onstrated a dose-response relationship that was discountc ' as 
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^not easily acceptable as meanmgful in terms of cause and ef- 
fect" (Yerushalmy, 1962). An interview survey of 982 pregnan- 
cies indicated a strong dose-response association between paternal 
cigarette smoking and the percent of infants weighing less than 5 
pounds, 8 ounces (Yerushalmy, 1962). In a later prospective study 
of nearly 13,000 births, Yerushalmy (1971) reported that paternal 
3moking was more strongly associated with low birthweight than 
was maternal smoking. The healthiest low-birthweight infants 
were found for couples where the wife smoked and her husband 
did not; the highest mortality rate was found among infants pro- 
duced by couples where the husband smoked and the wife did not. 
These latter couples also had increased risks of producing prema- 
ture offspring. The possibility that these differences in smoking 
were associated with differences in : ^ial class was not explored. 
On the bases of these data, Yerushalmy (1971) inferred that pater- 
nal smoking may be incident^ to birthweight. When the mother's 
smoking was considered, the importance of paternal snr.\oking dis- 
appeared. 

In a study of 12,192 births, MacMahon et ai. (1966) con- 
firmed the negative association between maternal smoking and 
birthweight of offspring and also found that infants of fathers who 
smoked weighed about 3 ounces less than 'hose of fathers who dui 
not smoke. They attributed this finding to the correlation between 
husbands' and wives' smoking habits, or to chance. MacMahon 
et al. (1966) referred to Yerushalmy 's (1962) observation of an 
sissociation of father's smoking habits with infant weight as ^bio- 
logically nonsensical." 

In a study of 175 normal neonates- and 202 neonates with 
congenital malformations, Borlee et al. (^978) found that pater- 
nal smoking was independently and significantly associated with 
reduced birthweight and higher perinatal mortality. They specu- 
lated that the effect occurred through its association with another 
factor. Gibel and Blumberg (1973) reported on a study of 5,000 
children in which children of nonsmoking mothers whose fathers 
smoked more than 10 cigarettes per day had higher perinatal mor- 
tality than children whose parents were both nonsmoke^s. The 
incidence of severe malformations in children of f&uhers who were 
heavy smokers was double that of children of nonsmoking fathers, 
independent of parental age and social class. 
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Using code sheets prepared at birth of 48,505 women in world- 
wide naval installations, Underwood et al. (1967) found that fa- 
thei-s^ smoking habits influenced pregnancy outcome. However, 
this wa? attributed to the increased numbers of wives who smoked 
when husbands smoked. For paternal smoking in the absence of 
maternal smoking, no association was found. Holmberg and Nur- 
minen (1980) and Hughes et al. (1982) also reported no association 
of paternal smoking with low birthweight in cross-sectional reviews 
of several thousand births. 

Rubin et al. (1986). provide a recent contribution to ihis sub- 
ject based on a survey of 500 consecutive births. About two-fifths 
of the women reported smoking during pregnancy; 70 percent 
reported drinking. Paternal smoking was evaluated in terms of 
frequency and quantity of substance smoked, as reported in stan- 
dardized interviews. They found that birthweight was reduced an 
average of 120 g per pack of cigarettes smoked per day by the 
father. This relationship remained statistically significant after 
controlling for relevant variables, including mother's age, parity, 
maternal smoking, and alcohol and tobacco consumption during 
pregnancy. The effect was greatest in the lower social classes. 

In a prospective study, Martin and Bracken (1986) studied 
3,891 antenatal patients, 2,613 of whom did not smoke during 
pregnancy. One-third of the nonsmoking mothers (i.e., 906) were 
exposed to ETS for at least 2 hours per day. ETS exposure was 
related to lower birthweight in full-term babies (23.5 g, not signif- 
icant). A logistic regression to control for gestational age, parity, 
ethnicity, and maternal age produced a significantly increased risk 
of delivering a low-birthweight baby, i.e., less than 2,500 g at birth 
for ETS-exposed mothers (relative risk = 2.17, p < 0.05). The re- 
tardation in fetal growth rate is small but appears to be clinically 
meaningful the low end of the birthweight distribution. That is. 
exposure to ETS increases the risk that the infant will weigh less 
than 2,500 g and, therefore, will have a higher perinatal mortality. 



A few studies have examined possible relationships between 
chronic exposure to ETS by children and parameters of growth 
and development. Many studie** ^ave demonstrated hat smoking 
during pregnancy results in newburnj who are lighter and shorter 
than other infants, even when gestational age has been taken into 
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account (Meredith, 1975; U.S. Department of Health and Human 
Services, 1976). This deficit in height and weight appears to persist 
into infancy and childhood (Goldstein, 1971; Butler and Goldstein, 
1973; Dunn et al., 1976; Miller et al., 1976; B--takallio, 1983). 

Current smoking status cf the mother also has been associated 
with decreased attained height (Rona et al., 1981; Berkey et al., 
1984), although growth rate was not slower among these children 
(Berkey et al., 1984). These studies, however, did not differenti- 
ate between smoking d*iring pregnancy and subsequent exposures 
during infancy and preschool years. 

Rona and colleagues (1985) reanalyzed data from the Na- 
tional Study of Health and Growth (England) for a sample of 
5,903 children aged 5 to 11 years, separating the effects of smoking 
during pregnancy from those of later smoking. After adjusting the 
data for social class and other social factors, they found that re- 
duced height was associated with increasing numbers of cigarettes 
smoked in the home, regardless of whether the mother smoked 
during pregnancy and regardless of which parent smoked. There 
remained a small but significant effect on height — a reduction of 
approximately 0.05 standard deviations of height (approximately 
0.3 cm) for each 20 cigarettes consumed daily in the home. 

To verify this small change in height, other studies of com- 
parable magnitude are needed. Growth is an especially difficult 
phenomenon to study. Many factors, such as genetics, nutrition, 
social cla3s, and ethnicity play important roles, and it is difficult 
to assign proportionate, causality to each factor. Recall bias in 
the mothers of school-uge children regarding their smoking habits 
during the pregnancy may produce unreliable results, especially 
in iight of the increasing publicity regarding ill effects on the fe- 
tus of maternal smoking during pregnancy. Moreover, height and 
weight ratios and other growth measures are not reliably obtained 
in standard pediatric surveys. 

CHRONIC EAR INFECTIONS 

A number of studies have linked household exposure to ETS 
with increased rates of chronic ear infections and effusions in chil- 
dren. Chronic ear infections or r.dusions in young children can lead 
to hearing loss and consequent speech pathology. Kraemer and col- 
leagues (1983) conducted a hospital-based case-control study of 76 
children with persistent middle-ear effusions contrasted with 76 



231 



I 



273 

children admitted for other types of surgery who were matched for 
age, sex, season, and surgical ward. They found that the ddly ex- 
posure to ETS was greater among casrj. They also reported that 
middle-ear eflEiisions clear less readily in children heavily exposed 
to ETS. They concluded that a c-w.nbination of several factors 
increased the risk of persistent middle-ear efiusions, including re- 
current otitis media, nasal catarrh, cigarette smoke exposure, and 
nasal allergies that chronically inflame the nasal and middle-ear 
cavities, causing persistent eustachian tube dysfunction. For chil- 
dren with r'^gular exposure to ETS, atopy, and congestion, the 
relative risk for PPME was 6.3 (95% confidence interval, 1.9-21.1). 

In another case-control study of 150 children hospitedized for 
chronic mi-'dle-ear effusions and 150 children hospitalized for other 
reasons (Black, 1985), the odds ratio for parental smoking was 
found to be significantly elevated (1.6). This effect was consis- 
tent across age groups, and became more evident in older children 
where effusions are less conmion. Pukander et al. (1985) reported 
that ETS was a significant risk factor for acute otitis media in 2- 
and 3-year-old children. They evaluated a number of important 
indoor environmental conditions, including relative humidity, car- 
bon dioxide, and temperature. In this study, children of smoking 
parents also had 60% more middle-ear effusions than children of 
nonsmoking parents. 

SUMMARY AND RECOMMENDATIONS 

For all postnatal outcomes among children, it is difficult to 
differentiate effects of in utero exposure to tobacco smoke con- 
stituents from subsequent childhood exposures to ETS. However, 
for the above outcomes, there are indications that exposures to 
ETS may have effects on the fetus or child. 

What Is Known 

1. Evidence has accumulated indicating that nonsmoking 
pregnant women exposed to ET? on a daily basis for several 
hours are at increased risk for producing low-birthweight ba- 
bies, through mechanisms which are, as yet, unknown. Recent 
studies show a dose-response relationship between the number of 
cigarettes smoked by the father and birthweight of the children of 
nonsmoking pregnant women. 
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2. A few studies have reported that children of smokers have 
reduced growth and development. These require further corrobo- 
ration to differentiate in utero exposure from subsequent childhood 
exposures. 

3. Household exposure to ETS is linked with increased rates 
of chronic ear infections and middle ear effusions in youn^^ chil- 
dren. For children with nasal allergies and recurrent otitis media, 
ETS exposure may synergistically increase their risk of persistent 
middle-ear effusions. 



1. Experimental studies should be developed to articulate 
possible mechanisms through which paternal smoking adversely 
effects fetal growth in nonsmoking pregnant women. Special em- 

. phasis should be placed on identifying relevant effects of preg- 
nancy on excretion and absorption of ETS, including transplacen- 
tal metabolism. 

2. Additional study is needed to corroborate one finding of a 
dose-response relationship between reduced height of children and 
increasing numbers of cigarettes smoked in the home, regardless 
of whether the mother smoked during pregnancy and regardless of 
which parent smoked. 

3. Research should be conducted to e; )lore the mechanisms 
by which exposure to ETS might adversely affect the functioning 
of the ear and to study possible long-term consequences of ETS 
exposure for the auditory apparatus. 
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APPENDIXES 



Appendix A: 
Guidelines for Public and 
Occupational Chemical Exposures 
to Materials That Are Also Found 
in Environmental Tobacco Smoke 



Table A-1 gives a series of guidelines fcr public and industrial 
populations regarding exposure to chemicals that are also con- 
stituents in environmental tobacco smoke (ETS). Not all of the 
constituents of ETS thought to be toxic or carcinogenic have had 
guideline levels established. The ^*alues in the table are taken from 
the fourth edition of the Documentation of the Threshold Limit 
Values^ published by the American Conference of Governmental 
and Industrial Hygienists (1986). The NIOSH recommendations 
and OSHA standards can be found in the NIOSH Pocket Guide 
to Chemical Hazards^ published by the U-S, Department of Health 
and Human Services (National Institute for Occupational Safety 
and Health, 1981). 

Each of these guidelines and standards has been established 
with different considerations in mind. The EPA standards, which 
apply to outdoor environments, have been established by law to 
protect the most susceptible individuals. The OSHA standards 
and ACGIH, NIOSH, and European guidelines have been estab- 
lished for the normal, healthy adult working populations. These 
guidelines accept some level of risk to some people. They do 
not consider children, the elderly, or populations with preexisting 
health conditions who may be at greater risk for health effects of 
exposure. The appropriate guidelines for susceptible populations 
probably would be lower. These industrial guidelines also differ 
from the environmental standards in that they assume that the 
exposure is limited to a workday period or a time-limited emer- 
gency. 
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TABLE A-1 Some Occupational and Public Standards for Materials That Are Also in Environmental Tobacco Smoke 



Public 



Industrial 
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EPA 


ACGIH*' 


NIOSH'' 


OSHA*" 


European Standards^ 


^apor Phase 












Carbon monoxide 


1 mg/m'^—max, 8'h 


TLV 50 ppm 


35 ppm-8 h TWA« 


50 ppm 


^Vo^t ^<*rminv^^n nnm 




40 mg/m^— max. I-h 


STEL^-400 ppm 


200 ppm ceil* 




Sweden— 35 ppm 




Neither to be exceeded 




(no min time) 








more than once 












per year 










Carbon dioxide 


Non 


TLV-5,000 ppm 
STEL-30,000 ppm 


10,000 ppm— 10-h TWA 5.000 ppm 
30,000 ppm— lO-niin ceil. 




Benzene 


None 


TLV— 10 nnm 
A2 


1 ppm— 60-min ceil. 


10 ppm 
50 ppm— 
lO-min ceil. 


West Germany— 0 ppm 


Toluene 


None 


TLV— 100 nnm 


lOOppm— 10-h TWA 


200 ppm 








STEL— 150 ppm 


20U ppm— 10-min ceil. 


100 ppm ceil. 
500 ppm— 
10-niin peak 


200 nnm 
Sweden— 100 ppm 


Formaldehyde 


Nonp 


TLV— 1 ppm 
A2 


Lowest feasible limit 


3 ppm 
5 ppm ceil. 
10 ppm— 
30-min ceiL 


Sweden— 2 ppm 
West Germany — 1 ppm 


Acro>:n 


None 


TLV-O.I ppm 
STEL— 0.3 ppm 


None 


0.1 ppm 




Acct(„ic 


None 


TLV— 750 ppm 


250 ppm— 10-h TWA 


1,000 ppm 


Sweden— 500 ppm 


Pyridine 




STEL— 1,000 ppm ' 






Germany— 1,000 ppm 


None 


TLV— 5 ppm 
STEL— 10 ppm 


None 


5 ppm 


West Germany, 
Sweden— 5 ppm 


Hydrogen cyanide 


None 


Ceiling limit*— 
10 ppm 


4.7 ppm— 10-min cciL 


4,7 ppm 


West Germany. GrcM 
Britain— 10 ppm 



Hydrazine 


None 


TLV-O.I ppm 


0.04 mg/m^— 


1 ppm 









A2 


120-min ceil. 






Ammonia 


None 


TLV-25 ppm 


SO ppm— 5-nin ceil. 


50 ppm 


West Germany— 50 ppm 






STEL— 35 ppm 






Sweden— 25 ppm 


Methylamine 


None 


TLV— lOppm 


None 


10 ppm 





Dimethylamine 


None 


TLV— lOppm 


None 


10 ppm 





Nitrogen oxide 


None 


TLV— 25 ppm 


25 ppm 


25 ppm— 


__ 










10-h TWA 




Nitrogen dioxide 


0.053 ppm— annual 


TLV— 3 ppm 


1 ppm— 15 min ceil. 


5 ppm ceil. 


West Germany— 5 ppm 




arithmetic mean 


STEL — 5 ppm 






Sweden— 2 ppm 


A^-Nitroso- 


None 


A2 


None 


Listed as a 




dimethylamine 








cancer-suspect 












agent 




Formic acid 


None 


TLV— 5 ppm 


None 


5 ppm 




Acetic acid 


None 


TLV-IOppm 


None 


10 ppm 









STEL— 15 ppm 








articulate phase 












Particulate matter 


75 fig/m*^— annual 


TLV— lOmg/m^ 


None 


15 mg/m*^ 






geometric mean 












260 ;*g/mV24-h max 












Not to be exceeded 












more than once 












per year 










Nicotine 


None 


TLV-0.5 mg/m^ 


None 


0.5 mg/m-* 





Phenol 


None 


TLV-I9 mg/m^ 


20 mg/m^— lO-h TWA 


19 mg/m^ 


West Germany— 








60 mg/m'*— 15-min ceil. 




19 mg/m^ 


Catechol 


None 


TLV— 5 ppm 


None 


None 




Hydroquinone 


None 


TLV-2 mg/ii^ 


2 mg/m^— 15-min ceil. 


2 mg/n? 




Aniline 


None 


TLV-2 ppm 


rione 


5 ppm 




2'Tolutdine 


None 


TLV-2 ppm 


None 


5 ppm 


West Germany— 5 ppm 



A2 
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TABLE A-1 Continued 



Public Industrial 



EPA ACGIH" NIOSH'' OSHA*' European Standards*' 



2-Naphthylamine 


None 


Alb 


None 


Listed as a — 


4-Aminobiphcnyl 


None 


Alb 


None 


can.. T-suspcct 
agent 

Listed as a — 
cancepsuspect 
agent 



"American Conference of Governmental and Industrial Hygicnists. 
^National Institute for Occupational Safety and Health. 
^'Occupational Safety and Health Administration. 

''includes standards set in Sweden, Great Britain, and West Germany as examples. 

*TLV = threshold limit value— time-weighted average concentration for a normal 8-hour workday. 40-hour week. 
'iSTEL = short'term exposure limit— IS-minute time-weighted average exposure that should not be exceeded. 
*TWA = time-weighted average. 
*CeiI. = ceiling. 

'Ceiling Limit— concentration that should not be exceeded during any part of the working exposure. 



A2— Industrial substance suspect of carcinogenic potential for man; exposure should be avoided. 

Alb— Human carcinogen. Substance associated with industrial processes, recognized to have carcinogenic potential without an assigned TLV. For 
substances of this designation, no exposure or contact by any route— respiratory, skin, or oral, as detected by the most sensitive methods— should be 
permitted. 




NOTE: Materials in ETS for which there are no standards: earlonyl sulfide. 3*methylpyridine, 3-vinylpyridine, anatabine, ben7.(a)anthracene, 
bcn20(tf)pyrene, cholesterol, ybutyrolactone, quinoline, harman, N«nitrosonornicotine, NNK. N-nitrosodiethanolamine, zinc, polonium-210. 

■ 570 
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The guidelines are given in terms of cumulative exposure over 
a period of time or in terms of maximal concentrations* The 
Threshold Limit Value (TLV) is the time-weighted average con- 
centration of a normal 8-hour workday or 40-hour work week* 
The Short-Term Exposure Limit (STEL) is defined as a 15-minute 
time-weighted average exposure that should not be exceeded at 
any time during a workday, even if the 8-hour time-weighted av- 
erage is within the TLV. Exposures at thcr STEL should not be 
repeated more than four times per day, with at least 60 minutes 
between successive exposures at the STEL. The ceiling limit is the 
concentration that should never be exceeded. 

Finally, it should be noted that the guidelines are established 
for individual chemicals, without consideration of complex mix- 
tures that may contain these chemicals. The behavior of the 
chemicals in a complex mixture over time is likely to be com- 
plicated* In summary, the direct comparisons of these guidelines 
with ambient levels measured in natural or experimental condi- 
tions should be made with caution. In some cases, the comparison 
may be inappropriate* 



American Conference of Governmental Industrial Hygienists (ACGIH)* Doc- 
umentation of the Threshold Limit Values and Biological Exposure 
Indices, fifth ed* Cincinnati, Ohio: ACGIH, 1986* 743 pp. 

National Institute for Occupational Safety and Health (NIOSH). NIOSH/ 
OSHA Pocket Guide to Chemical Hazards. DHEW Publ. No. 85- 
14. Cincinnati, Ohio: National Institute for Occupational Safety ^nd 
Health, 1985* 241 pp* 

Swedish Board of Occupational Safety and Health (Arb Btarksyddsstyrelsens}* 
Hygieniska Gransvarden* Stockholm, Sweden: Liber Distribution, 1984. 
60 pp. 
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Appendix B: 
Method of Combining Data from 
Studies of Environmental Tobacco Smoke 
Exposure and Lung Cancer 



Consider the following kinds of data that might be reported 
in an epidemiological study of chronic exposure to environmental 
tobacco smoke (ETS) and lung cancer: 







Lung Cancer 








Yes 


No 


Total 


Exposure 


Yes 


a 


b 


mi 


to 










ETS 


No 


e 


d 


m2 


Total: 






1714 


T 



Therefore, T is the total number of people in the study, a is the 
number of people chronically exposed to ETS who also have lung 
cancer, b is the number of people chronically exposed to ETS who 
do not have lung cancer, c is the number of people not chronically 
exposed to ETS who have lung c&ncer, and d is the number of 
people not 'chronically exposed to ETS who do not have lung 
cancer. The marginal totals are mi = o + 6, m2 = c + rf, ma = a 
+ c, and m^ = 6 + d. The data that correspond to these variables 
from all of the studies examined in Chapter 12 are shown m Table 
B-l. 

CASE-CONTROL STUDIES 

In a case-control design, the subjects are chosen on the basis 
of the health outcome, and their exposure history is assessed. 
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TABLE B-1 Passive Smoking and Lung Cancer: Observed Numbers Used to Calculate Values in Table 12-4" 









Spouse Smoker 


Spouse Nonsmoker 






Type of 














Risks 








Cases 


Controls 


Cases 


Controls 






Study 


Study Authors 


Sex 


(a) 


(b) 


(c) 


(d) 


Computed 


Pi:bnshed 




Lhan ana rung, i9o2 


r 


34 


66 


50 


73 


0.75 


— 




iricnopouios ct al., I9o3 


r 


38 


81 


24 


109 


2.13 


2.4. 3.4 




Corrca ct al.« 1983 


F 


14 


61 


8 


72 


2.03 


2.00 






M 


2 


26 


6 


154 


2.29 


2.07 


Cv. 


Karikt ana Wyndcr, V¥rA 


r 


13 


k5 


11 


10 


0.79 


— 






M 


5 


5 


7 


7 


1.00 


— 




DUiMcr ci ai., i9o4 


r 


33 


164 


8 


32 


0.80 


0.78 






M 


5 


56 


6 


34 


0.50 


0.52 


cc 

V.V. 


Garflnkcl ct al., 1985 


F 


92 


266 


42 


136 


1.12 


1.12 




Pcrshagcn ct al.. in press 


F 


33 


150 


34 


197 


1.28 


1.2 




Akioa et ai., i9od 


F 


73 


188 


2) 


82 


1.48 


1.5 






M 


J 


9 


16 


101 


2.45 


1.8 


cc 


Knn ct al 19RS 


p 
r 


5J 


66 


35 


70 


1.54 


1.64 


cc 


b.^ctal., 1986 


F 


22 


45 


10 


21 


1.03 


i.OO 






M 


8 


14 


7 


16 


1.30 


1.30 


PRO 


Garfinkel, 1981 


F 


88 


127.164 


65 


49.422 




1.27. 1.10 


PRO 


Gillisetal., 1984 


F 


6 


1.388 


2 


521 




1.00 






M 


4 


306 


2 


515 




3.25 


PRO 


Hirayama, 1984 


F 


146 


69.287 


37 


21.858 




1.45. 1.91 






M 


7 


1.003 


57 


19.222 




2.25 



ABBREVIATIONS: CC = Case-Control 
PRO = Prospective 

"For the calculations, (a) through (d) are used for case-control studies and published RR are used for prospective studies. 
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The expected number of people who are exposed to environ- 
mental tobacco smoke and develop lung cancer is given by: 

nil X ma 
f ' 

Expected numbers for each of the studies are shown in Table 12-4. 
The difference between observed and expected numbers of people 
with lung cancer who are exposed to ETS can be calculated, and 
the variance of this difference is given by: 
mi X m2 X m3 X 
TxTx{T-l) 

Therefore, the natural logarithm of the odds ratio (V^ can be 
estimated by: 

^ _ Observed — Expected 

Variance(Observed - Expected) 
and the variance of this estimate is given by: 

Variance of ^ = [(Variance (Observed - Expected)]-^ 
(Yusufet al, 1985). 

The odds ratio is estimated by exp[^] and is shown in Tables 
12-4 (and B-1) with its 95% confidence intervals for each of the 
studies. 



PROSPECTIVE (OR COHORT) STUDIES 

In prospective studies, also known as cohort studies, the sub- 
jects are classified (or chosen) on the basis of exposure and the 
health endpoini; is then assessed. 

In all of the articles the authors have estimated the relative 
risk, adjusting for such variables as age. Therefore, the published 
relative risk values were used in the following calculations rather 
than the estimates of the crude relative risk that could be calcu- 
lated from the data given in the text. For those studies where a 
relative risk estimate was given for different levels of smoking by 
the spouse (Garfinkel et al, 1981; Hirayama, 1984), a combined 
estimate of the relative risk was calculated using the method given 
below for combining the prospective studies. 

The number of people who are exposed to ETS who are ex- 
pected, under the null hypothesis of no effect, to develop lung 
cancer is: 

"^3 - [mz/E) X c. 
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where E is the expected number for m3, based on the published 
relative risk {RR)^ that is: 

E = c + [a/RR). 

The approximate variance of the observed minus expected 
numbers of people with lung cancer who u\e exposed to environ- 
mental tobacco smoke is: 

mi X m2 X ms X mi 

r X r X (r - 1) ' 

The variance of the natural logarithm of the relative risk was 
calculated using the published confidence limits for the estimate 
of the relative risk, except for one study (Gillis et al., 1984), where 
the method given above for the case-control studies use used since 
no confidence limits were available. 



SUMMING OVER STUDIES 

The overall values for the case-control studies were calculated 
by adding the values of Observed - Expected (i.e., 0 - i?) and 
their variance for the individual studies as follows: 



EVar(0 -£•).■ 
and for the variance: 

Variance(lnOiZ)=5:^^-^^ 

(Yusuf et al., 1985). 

For the prospective studies, the overall value for the In RR . 
was calculated as: 

^ Var(In RR)i/ ^ Var(ln RR)i 

and for the variance: 

(Kleinbaum et al., 1982). 

The overall value, for all of the studies combined, was obtained 



2.95 
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using the same method as was used to pool results from the 
prospective studies using the overall values for the case-control 
and prospective studies in the above equations. 
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Appendix C: 
Adjustments to Epid;.miologic 
Estimates of Excess Lung Cancer 

in Persons Exposed to 
Environmental Tobacco Smoke 



Chapter 12 describes 13 epidemiologic studies that estimate 
the relative risks of lung cancer in nonsmoking spouses of smokers 
compared with nonsmoking spouses of nonsmokers. A weighted 
average of the relative risks of "exposed" to "unexposed" persons 
is 1.34, i.e., a 34% increase in lung cancer risk as a consequence of 
environmental tobacco smoke (ETS) exposure. On the other hand, 
one can extrapolate in a linear fashion from the relative levels of 
cotinine that had been measured in active smokers and exposed 
nonsmokers. The expected relative risk for exposed nonsmokers 
would range from about 1.03 to 1.10. Neither of these estimates 
has been corrected for possible misclassification of subjects in the 
epidemiologic studies. The latter risk assumes that the one-time 
measure is a satisfactory surrogate for lifetime exposure. Misclas- 
sification problems and problems in estimating actual carcinogen 
exposure make it very difficult to provide an estimate of the num- 
bers of cancer cases both in smokers and nonsmokers that might 
be attributable to ETS. 

In this section we combine information from several sources 
to generate crude estimates of the relative risk to nonsmokers 
as a consequence of chronic exposure to ETS. The computations 
reported here are highly simplified and should be looked on as 
providing only a first approach to risk evalttation. A more detailed 
approach, including a more explicit statement of the assumptions 
involved, is given in Appendix D. A major concern is that persons 
who have been identified as "unexposed" to ETS may have really 
been exposed. If this were true, then the risks relative to truly 
unexposed persons would be underestimated. To estimate this 
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possible effect, the results from studies of urinary cotinine are 
used here to adjust for the proportion of self-reported "unexposed" 
nonsmokers who, in fact, may have been exDosed to ETS. 



USING COTININE MEASUREMENTS 
TO CORRECT MISREPORTING 

. The only source of cctmine or nicotine in body fluids is tobacco 
smoke exposure. Therefore, urinary cotinine provides an objective 
measure of (recent) exposure. It has been reported (Jarvis et al., 
1984; Wald et al., 198-1) that urinary nicotine and cotinine are 3 
tunes as high in "exposed" nonsmoking spouses of current smokers 
than in "unexposed" nonsmoking spouses of current nonsmokers. 
R>T example, Wald and Ritchie (1984) report urinary cotinine 
lu che ratio 1:3:215 for "unexposed" nonsmokers, ETS-exposed 
nonsmokers, and regular smokers, respectively. 

Several assumptions need to be made to permit the use of 
these data before any quantitative risk computation can be made: 

• Current smoking patterns reflect past patterns. 

• Cotinine or nicotine concentrations in the urine are linearly 
relatf 1 to recent exposures to ETS and to the carcinogens in ETS 
among nonsmokers. 

• Ail subjects in the various studies began to be exposed to 
ETS at the same age and have continued to be exposed at the 
same rate throughout the follow-up period. 

• The excess relative risk for lung cancer in nonsmokers is 
proportional to the dose (m cigarette equivalents) of ETS ab- 
sorbed. 

An assumption of a linear dose-response relationship implies 
that if the risk (i.e., mortality rate) at a given age U) foi a specific 
calendar period (s), given some absorbed dose (rf),'then ilt,8\d) 



This equation expresses the risk as equal to the base mortality 
risk, 7o(^«), for a truly unexposed person for the aame age and 
calendar period, multiplied by an excess relative risk that increases 
linearly with dose, i.e. (1 + 0d), where is the amount of increase 
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per unit dose.^ Further, the risk for a truly unexposed nonsmoker, 
i.e., 7o(i)9)) is assumed to be the same for men and women. This 
assumption is supported, in part, by the results given in Chapter 
12 and, in part, by earlier studies of Gariinkel (1981) and Friedman 
et al. (1984). Doll (1984), however, gives different risks for men 
and women of lung cancer mortality in nonsmokers. 

If (lis is actual dose in the "exposed'' persons and cf^r is the 
actual dose in persons who believe themselves to be "unexposed,'^ 
then we have, from Equation 1: 

lMdE)-^lo{t,s){l + fidEh (2A) 

and 

7(«,«M=7o(t,3)(l + i9(ij^), (2B) 

The relative risk for a person identified as "exposed" compared to 
a person identified as "unexposed''' (-KiJ(rfE)l is given by Equation 
2A divided by 2B: 

which, from Chapter 12, is 1.34, the relative risk estimated from 
t^e epidemiologic studies. 

From th;^ studies that msasured cotinine in "exposed" and 
"unexposed" persons, we assume that the operative dose level, 
dsy among ^exposed" individuals is 3 timos as high as the dose 
level in the self-reported "unexposed" persons, d^^y and that the 
ratio of 3:1 is proportional to a lifetime dose difference. Therefore, 
£}quation 3 may be rewritten as: 

Equation 4 can be solved for fidi^y which is the increase in risk for 
persons called "unexposed," but who, in fact, have been exposed 

* Work by Do)! Mid Peto (1978) shows that the relative risk for direct 
smokers increaseVr as a !)near-quadratic function of dose, rather than the 
simple linear form shown here. A more sophisticated model would take 
into account the several stages at which cigarette smoke operates in the 
multistage development of cancer. At low doses the linear*quadratic is well 
approximated by the iinear* i.e., 1 + /9irf + /92ci^ is close to 1 -f /Jii because 
the <fi term approaches xero. 
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to 0ome recent ETS, as indicated by their non-zero levels of urinary 
cotinine or nicotine Solving Equation 4 gives: 

fids = 0.20. 

Thus, the relative risk for a self-identified "unexposed** person 
compared with a truly unexposed person is: 

1 + 0.20 = 1.20, 

and the relative risk for an "exposed" person compared with a 
truly unexposed person is: 

1 + 5(0.20) = 1.60. 

To see what possible effect these relative risk estimates would 
have on the population-attributable risk, i.e., the fraction of lung 
cancer in nor*smoking individuals attributable to ETS, the pro- 
portion of the population tha\, is exposed to ETS needs to be 
estimated. Wald and colleagues (1984) h^ve reported that 17% of 
nonsmoking women and 12% of nonsmoking men fall into the cat- 
egory of "exposed," i.e., nonsmoking spouses of smokers. By sub- 
traction, this means that 83% of nonsmoking women and 88% of 
nonsmokins men would consider themselves "unexposed.** Given 
this, we can estimate the population-attributable risk, which is 
2l/en in general form as; 

PiW"l) + (l-Px)(i?J? 2 " 1) „ p . p 
PiTO) + (l-pi)(i2i22) 

where pi is the proportion of people who call themselves "ex- 
posed,** RRi is the relative risk of self-reported "exposed** persons, 
and RR2 is the relative risk of self-reported "unexposed** persons. 
Thus, for men: 

^ 0.12(0.60) + 0.88(0.20) 
^^^"^"^ " 0.12(1.60) +0.88(1.20) - 
and for women: 

p^j, _ 0.17(0.60) + 0.83(0.20) 
i-AK^or^,^ - o.,.7(1.60) + 0.83(1.20) " ^'^^^ 

That is, about ^1% of the lui:g cancers in nonsmoking women and 
20% in nonsmoking men may be attributable to exposure to ETS. 
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Appendix D: 
Risk Assessment — Exposure to 
Environmental Tobacco Smoke 
and Lung Cancer 

James Robins 



This authored appendix was prepared by Dr. James Robins of 
the Harvard University School of Public Health. The material was 
not considered by the committee largely because of lack of time, 
nor was it reviewed by the National Research Council. It gives an 
approach to risk assessment that considers both the epidemiologic 
data and some measures of exposure to the constituents of ETS. It 
is included as an addendum of this report and is presented here as 
one possible way to integrate the data contained in the remainder 
of the report. 

INTRODUCTION 

In Chapter 12, the results of 13 epidemiologic studies are sum- 
marized. Each study provided an estimate of the ratio of the lung 
cancer mortality rate among nonsmokers who answered "yes" to 
a question like "Is your spouse a smoker?" (hereafter called "ex- 
posed" individuals) to the mortality rate among nonsmokers who 
answered "no" to that question (hereafter called "unexposed" indi- 
viduals). A weighted average of the 13 study-specific rate ratios is 
roughly 1.3. In this appendix, we assume that a weighted average 
of 1.3 is causally lelated to differences in environmental tobacco 
smoke (ETS) exposure between ^exposed" and "unexposed" in- 
dividuals and not to bias (e.g., misclassification of smokers as 

nonsmokers — see Chapter 12). 
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Wald and Ritchie (1984) have shown that "unexposed" indi- 
viduals have, on average, 8.5 ng/ml of cotinine in their urine. Since 
virtually the only source of cotinine or nicotine in body fluids is 
tobacco products, primarily through tobacco smoke exposures, it 
follows that "unexposed" individuals are exposed to ETS. For this 
reason, whenever we refer to such "unexposed" subjects, we place 
the word "unexposed" in quotation marks. If the "unexposed" 
subjects have, in fact, been exposed to ETS, the observed relative 
risk of 1.3 would be an underestimate of the true adverse effect of 
ETS on "exposed" individuals. The correct measure of the adverse 
effect of ETS on "exposed" individuals would be the ratio of the 
lung cancer mortality rate in "exposed" individuals to the rate in 
truly unexposed individuals (which we shall call the true relative 
risk in the "exposed"). 

In Section D-1, we use the data collected by Wald and Ritchie 
(1984) on levels of urinary cotinine in "exposed" and "unexposed" 
individuals to estimate this true relative risk by two different 
methods. 

In Section D-2, we combine the existing epidemiologic data 
on active smokers with data on nonsmokers exposed to ETS to 
estimate the ETS exposure of an average nonsmoker in cigarette- 
equivalents per day. Additionally, we compare this estimate to 
independent estimates of ETS exposure based on (1) levels of 
respirable suspended particulates (RSP), benzo[a]pyrene (BaP), 
and ^-nitrosodimethylamine (NDMA) in ETS and in mainstream 
smoke and (2) levels of urinary cotinine and nicotine in active 
smokers and nonsirokers. 

In Section D-3, we compute how many of the lung cancer 
deaths estimated to occur among (lifelong) nonsmoking persons 
in 1985 might be attributable to ETS. The estimate is made sep- 
arately for women and for men. 

Many environmental exposures are regulated to a level where 
the anticipated lifetime risk of death attributable to exposure is 
less than 1 in 100,000 or 1 in 1,000,000. In Section D-4, we consider 
whether the lifetime risk of death (from lung cancer) attributable 
to ETS among nonsmokers with moderate ETS exposure is in 
excess of 1 in 100,000. (Although we do not estimate the lifetime 
risk of death attributable to ETS from causes other than lung 
cancer, this does not imply that we believe that lung cancer is the 
only cause of mortality influenced by ETS exposure. The decision 
to restrict the analysis to lung cancer mortality reflects the fact 
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that the data necessary to perform an adequate quantitative risk 
assessment for causes of death other than lung cancer do not exist.) 

In discussions of the health effects of ETS exposure, one 
should consider the effect on exsmokers of breathing other peo- 
ple's cigarette smoke, since exsmokers have given up smoking, 
presumably to protect their health. Therefore, in Section D-4 we 
estimate, for exsmokers, the lifetime risk of death from lung cancer 
attributable to breathing other people's cigarette smoke. 

The sections D-1 to D-4 give nontechnical expositions oi < is- 
sues. A separate Technical Discussion Section provides additional 
technical support and mathematical background. 

In order to make quantitative estimates of the lung cancer 
risk attributable to ETS, numerical values must be chosen for a 
large number of parameters. When there are either no data or 
inconsistent data as to the magnitude of an important parameter, 
results are reported for a range of plausible values (i.e., a sensitivity 
analysis is performed). 

Summary of Main Results Under the Assumption That 
the Summary Rate Ratio of 1.3 Is Causal 

We summarize our main results. We caution the reader that 
the proper interpretation of these results requires that one read 
Section D-1 to D-4 and the discussion section that foUows. 

The estimated true relative risk for "exposed" individuals lies 
between 1.41 and 1.87. For "unexposed" individuals, the estimated 
true relative risk lies between 1.09 and 1.45. The number of (ac- 
tively smoked) cigarettes effectively inhaled by a nonsmoker living 
with a smoking spouse lies in the range of 0.36-2.79 cigarettes/day. 
If the spouse is a nonsmoker, however, the estimated number lies 
between 0.12 and 0.93 cigarettes/day. 

Of the roughly 7,000 lung cancer deaths estimated to have oc- 
curred among lifelong nonsmoking women in 1985, between 1,770 
and 3,220 may be attributable to ETS. Of the roughly 5,200 lung 
cancer deaths estimated to have occurred among lifelong nonsmok- 
ing males in 1985, between 720 and 1,940 may be attributable to 
ETS. 

The estimated lifetime risk of lung cancer attributable to ETS 
in a nonsmoker with moderate ETS exposure lies between 390 
and 990 in 100,000. The estimated lifetime risk of lung cancer 
attributable to other people's cigarette smoke for an exsmoker who 
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smoked one pack per day from age 18 to 45 and was moderately 
exposed to other people's cigarette smoke lies between 520 and 
2,030 per 100,000. 

D-1 ESTIMATION OF THE TRUE RELATIVE RISK 

Method 1 

The first method for estimating the true relative risk relies on 
two assumptions: 

• The excess relative risk in a nonsmoker is proportional to 
the lifetime dose of ETS. That is, if an individual's dose of ETS (at 
all ages) were doubled, his excess relative risk would be doubled. 

• At every age, "exposed" subjects have been exposed to 
ETS at a rate 3 times that of "unexposed" subjects. A factor 
of 3 was selected to refiect the empirical observation that the 
concentration of cotinine in the urine of nonsmokers with smoking 
spouses is about 3 times that of nonsmokers without smoking 
spouses (Wald and Ritchie, 1984). 

These two assumptions imply that the excess (true) relative 
risk in "exposed" individuals is 3 times that of "unexposed" indi- 
viduals. Hence, in the abseiice of bias, the summary rate ratio of 
1.3 equals the ratio of the true relative risk in "exposed" individ- 
uals to that in "unexposed" individuals. Therefore, 



where x and 3a: are the excess true relative risks in "unexposed" 
and "exposed" individuals, respectively. Solving for x gives x = 
0.18 and, thus, the true relative risk in "exposed" and "unexposed" 
individuals of 1.54 and 1.18, respectively. If we used the summary 
rate ratio of 1.14 from only the U.S. studies (see Chapter 12), 
we estimate the true relative risk in "exposed" and "unexposed" 
individuals to be 1.23 and 1.08, respectively. 

It is likely that the second assumption above may be inappro- 
priate (see Remark 4 in the Technical Discussion). For instance, it 
is unlikely that the ETS exposure in childhood is 3 times greater in 
subjects who later married smokers, i.e., "exposed" subjects, than 
in subjects who later married nonsmokers, i.e., "unexposed" sub- 
jects. If it is not appropriate, then another approach is necessary. 
This approach is outlined in Method 2, which follows. 
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Method 2 

Method 2 relies on the following two assumptions: 

• Assume that (a) cigarette smoke influences the rates of the 
first- and fourth-stage cellular events in a five-stage multistage 
cancer process (Day and Brown, 1980; Brown and Chu, in press); 
(b) ETS affects the same two stages; and (c) the ratio of the relative 
magnitude of the effect (on a multiplicative scale) on stage 4 to 
that on stage 1 is the same for ETS and mainstream smoke. If we 
let pi and represent the magnitude of the effect on the first and 
fourth stages, respectively, then (c) implies that pjPi is the same 
for ETS and mainstream smoke. 

• Assume the observed overall summary rate ratio of 1.3 is 
the ratio of the true relative risk in "exposed" subjects to that in 
"unexposed" subjects at age 70 (see Remark 3 in the Technical 
Discussion). 

It is possible to estimate the true relative risk in "exposed" 
and "unexposed" study subjects, given two additional pieces of 
information (see Remark 8 in the Technical Discussion). 

First, we require an estimate of the ratio ^4/^?!. An estimate 
of PaIPi can be obtdned by fitting the above multistage cancer 
model to data on the lunf cancer experience of active smokers. 
In particular, an estimate of 0.0124 is obtained by fitting the 
multistage model to the continuing smoker data among British 
physicians given by Doll and Peto (1978). Brown and Chu (in 
press) obtdned an estimate of 1.8, derived by fitting the multistage 
model to data from a large European case-control study of lung 
cancer. These two estimates of ^4/^1, however, differ from one 
another by 150-fold. A third estimate of p^/Pi was computed, 
based on the following considerations. The estimate of p^/Pi from 
Doll and Peto (1976) fails to adequately account for the rapid fall 
off in relative risk in British physicians upon cessation of smoking. 
Since a larger ratio of P4/P1 will be associated with a more rapid 
fall off of risk when smoking is stopped (especially among smokers 
of relatively few cigarettes a day), we computed the maximum 
estimate oip^/Pi that was statistically consistent (at the 5% level) 
with the continuing smoker data in Doll and Peto (1978). This 
estimate was 0.225. Rather than choose among these estimates, 
we performed a sensitivity analysis using the three estimates of 
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PaIPi of 0.0124, 1.8, and 0.225 (see Remark 5 in the Technical 
Discussion). 

Second, we require, at each age, an estimate of the age-specific 
ETS exposure of "exposed" and "unexposed" study subjects rela- 
tive to the current ETS exposure of an average aduff ncnsmoker 
whose spouse is a nonsmoker. Information does not exist to an- 
swer questions such as "How many times greater (or less) was the 
past ETS exposure in average "exposed" subjects from age 0 to 
20 than the current ETS exposure of an average adult nonsmoker 
with a nonsmoking spouse?" Tnerefore, a sensitivity analysis was 
performed using 30 different choices for the lifetime exposure histo- 
ries of "exposed" and "unexposed" subjects (relative to the current 
ETS exposure of an adult nonsmoker without a smoking spouse). 
The choice of exposure histories was influenced by the following 
general considerations. Smaller differences postulated between the 
lifetime ETS exposures of "exposed" and "unexposed" individuals 
will be associated with larger estimates of the true relative risk. 
(Having an observed rate ratio as large as 1.3 when there is truly 
only a small difference in dose between the "exposed" and "un- 
exposed" subjects would imply that ETS is a potent .arcinogen.) 
Therefore, we tried to select some exposure histories that would 
modestly underestimate the true difference in exposures between 
the "exposed" and "unexposed" study subjects and others that 
would modestly overestimate this difference. The rationale for our 
particular choices of the 30 exposure histories is given in Remark 
7. 

Thirty possible exposure histories are given in Table D-1. 
Remark 6 in the technical discussion describes how to read the 
exposure histories from this table. 

Table D-2 gives the maximum and minimum estimates of 
the true relative risk among the "exposed" and "unexposed" for 
each choice ol PaIPu over the 30 exposure histories. The column 
denoted "all" gives the overall maximum and minimum as the 
choice of both P^lPx and exposure history varies. 

The most striking finding is that the estin:ate of the excess 
(true) relative risk for "exposed" individuals varies only twofold, 
from 0.41 to 0.87, and includes the estimate, 0.54, obtained with 
Method 1. All estimates exceed the uncorrected value of 0.30. 
Estimates of the excess true relative risk in the "unexposed" range 
from 0.09 to 0.45. Because of the possibility that the 30 exposure 
histories are not representative of those in Japan and Greece, two 
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TABLE D-1 Thirty Population Exposure Histories in Various Age Groups" 



Value of 
(7. b, or c 


Population 
Subgroup 


Age 0-20 yr 




Age 20-55 yr 




Age 55-70 yr 




Pu 






Pb 


f\b 


Jib 


Pc 






I 


E 


0.39 


1.53" 


0.3 


1.0 


3.0 




0.5 


3.0 


3.0 




E 


0.25 


1.53 


0.3 


1.0 


1.0 




1.0 


1.0 




2 


E 


0.44 


1.53 


0.3 


1.0 


1.5 




0.5 


3.0 


2.0 




E 


0.18 


1.53 


0.3 


1.0 


0.15 




1.0 


1.0 




3 


E 


0.44 


1.53 


0.3 








0.5 


3.0 


1.0 




E 


0.18 


0.75 


0.15 








1.0 


1.0 




4 


E 


0.44 


0.75 


0.15 
















E 


0.18 


0.75 


0.15 














5 


E 


0.44 


1.0 


0.6 
















E 


0.18 


0.5 


0.3 















"In units of t/o. 



NOTATION: E = "Exposed"; E = "Unexposed". Population Exposure History (o. fe. c) = (1, 2. 3). has p^E = 0.39. p^^ = 0.25. 

fuE='fUE- ^'^^j2aE='f2uE=03,PhE = PbE= I.O./l6£:= 1 .5. = 0. 15. p^£; = 0.5. pd = 1-0. = 3. /2,£ = 1. A'^ = L 

The interpretation follows. 

INTERPRETATION: 39% of ^-individuals were exposed to ETS dose rate 1 .53 do and 6 1 % to 0.3 do from ages 0-20. 25% of E subjects 
were exposed to 1 .53 do and 75% to 0.3 f/o. Ftom 20-55, all ^-subjects were exposed to 1 .5 do* all £ subjects to 0. 15 c/q. From 55-70. 50% of 
^'Subjects were exposed to 3 do and 50% to 1 do. All £*subjects were exposed to 1 do. 
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TABLE D-2 Estimated Ranges for the True Relative Risks (RR) in 
"Exposed" and **Unexposed" Subjects 



Rate 
Ratio" 












Croup 


All 


0.0124 


0.225 


1.8 


1.3 
1.14 


"Exposed" 
"Unexposed" 
"Exposed" 
"Unexposed" 


1.41-1.87'' 

(321)-(113)*' 

1.09-1.45 

(321)-(113) 

1.19-1.35 

(321)-(113) 

1.04-1.18 

(321).(113) 


1.41-1.87^ 
(321)-(n3) 
1.09-1.45 
(321)-(113) 


1.43-1.72 
(32l)-(113) 
1.10-1.34 
(321)-(113) 


1.43-1.64 
(321)-(113) 
1.11-1.27 
(321)-(113) 


"Assume causal summary rate ratio. 



''Range of RR over 30 exposure histories and three values of j^^/i^i- 
^Rangc of RR over 30 exposure histories. 

^'Exposure histories (a. b. c) at which minimum and maximum, respectively, occur [see 
Table D-1 for definition of exposure histories {a. 6. c)]. 

of the countries in which epidemiologic studies were conducted, 
we repeated the analysis using the overall summary rate ratio of 
1.14 from the U.S. studies. In this case the overall range in the 
estimates of *^he true relative risk was 1.19 to 1.35 in the "exposed" 
and 1.04 to 1.18 in the "unexposed." 

D-2 THE CARCINOGEN-EQUIVALENT NUMBER 
OF ACTIVELY SMOKED CIGARETTES 
INHALED DAILY BY PASSIVE SMOKERS: 
COMPARISONS OF EPIDEMIOLOGIC WITH 
DOSIMETRIC ESTIMATES 

In this section we attempt to estimate the number of cigarettes, 
doy that would have to be actively smoked to deliver to the lung 
of the smoker a dose of active carcinogen equal to the daily pul- 
monary dose of carcinogen (attributable to ETS) of an average 
adult nonsmoker with a nonsmoking spouse. Roughly speaking, 
do is the (lung) carcinogen-equivalent number of (actively smoked) 
cigarettes inhaled daily by an average adult nonsmoker with a non- 
smoking spouse. 

Under the assumptions of Method 2, we saw that knowledge 
of P^/Pi and of the relative exposure histories of "exposed" and 
"unexposed" study subjects was sufficient to estimate the true 
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relative risks. If we also have an independent estimate of )9i, we 
can estimate do as wel) (see Remark 8). Each of our three methods 
of deriving an estimate for ^S^/ySi irom data on active smokers also 
produces au estimate ol' fii. In particular, esthnaten of fii of 2.93, 
0.803, and 0.14 are associated with fijpi of 0.0124, 0.225, and 1.8, 
respectively. 

Some conflicting results nei;d to be resolved, however. For 
any given level of smoking, the relative risk estimated from the 
British physicians data (Doll and Peto, 1978) is greater than that 
estimated from the American Cancer Society's follow-up data on 
a million Americans (Hammond, 1.966) or from the multicencer 
European case-control lung cancer data (Lubin et al, 1984; Brown 
and Chu, in press). The relative risks in these latter two studies are 
consistent with one another and will here be vteated as identical. 
Doll and Peto (1981) suggest that these differences in relative risk 
may be real differences, attributable in part to S;he different way 
cigarettes are smoked in Britain and other countries. To bring the 
British data in lixie with the other data, we adjusted our estimates 
of 01 from the Doll and Peto data as follows. Separately, for the 
04/ 01 of 0.0124 and 0.225 (both based on the British physicians 
data), we computed the value of 0i that would be necessary for 
an individual smoking 25 cigarettes per day since age twenty to 
have the same lung cancer incidence at age 65 as would follow 
if ^4/^1 = 1.8, 01 = 0.14 (based on the European case-control 
data). This gives adjusted estimates of 1.41 and 0.46 for 0i^ 
corresponding to values for )94/)33 of 0.0124 and 0.225, respecHvely. 
These values are approximately half those previously estimated 
from the British physicians data. In our sensitivity analysis we 
use both the adjusted and unadjusted estimates o{0i (see Remark 
9). 

Estimates of do are given in Table D-3. Under the assumption 
that the summary rate ratio of 1.3 is causal, estimates of do vary 
about eightfold from 0.12 to 0.93 cigarettes per day. For a given 
pair of values of 0i and 04/0ii the variation in do over the 30 
exposure histories is only about twofold. When we use the sum- 
mary estimate of 1.14 from the U.S. studies in lieu of the summary 
estimate of 1.3, our estimates of do are diminished accordingly. 

We next compare the above estimates of do, which are based 
on the epidemiologic data, with estimates based on the dosimetric 
measurements reported in Chapters 2 and 7. Estimates of do based 
on dosimetric calculations are given in Table D-4. In Table D-4 we 
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TABLE D-3 Estimated Range for do, the Carcinogen-Equivalent Number 
of (Actively Smoked) Cigarettes Inhaled Daily by Subjects Without a 
Smoking Spouse 



0A^^\i All 


0.0124 




1 u. 
l.o 






All 


2.93 


1.41 


0.14 


0.803 


0.46 


Rate ratio 












1.3" 0.12-0.93'' 


0.12-0.27'' 


0.24-0.57 


0.48-0.89 


0.26-0.53 


0.46-0.93 


(311)-(123r 


(311)-(123) 


(311)-(123) 


(311)-(423) 


(311)-(123) 


(311)-(123) 


1.14 0.05-0.4? 












(3I1)-(123) 













"Assured causal rate ratio. 

''Range of do in cigarcttes/day over 30 exposure histories and all (ftZ/Si, /3|). 
^'Exposure history where maximum and minimum occurred. 
''Range of c/q over 30 exposure histories. 



TABLE D*4 Estimates of do 
Based on Various Constituents of 
ETS in Cigarettes/Day 



Constituent 


Range 


NOMA 


0.17-3.75 


BaP 


0.0084-1.89 


R5P 


0.0001-0.005 



give an estimated range for do under the assumptions that the ratio 
of the pulmonary (tissue) dose of active carcinogen in nonsmokers 
without smoking spouses to the pulmonary dose in active smokers 
is equal to the ratio of the pulmonary dose of BaP, NDMA, or 
RSP in the same populations. The estimates in Table D-4 are 
based on (1) the dosimetric measurements given in Table 2-10 and 
Chapter 7 and (2) the daily number of hours of self reported ETS 
exposure among nonsmokers without smoking spoii^ies (Wald and 
Ritchie, 1984; Friedman et al., 1983). Details of the calculations 
used to produce Table D-4 are given in Remark 11 of the Technical 
Discussion. The dosimetry of the biomarkers nicotine and cotinine 
is more complicated and is discussed in Remark 12. 

There is a serious problem in reconciling the estimate of do 
(Table D-4) based on BaP with that based on RSP, since RSP is 
often assumed to be a good surrogate for polycyclic hydrocarbons 
such as BaP. The estimate derived from the BaP measurements is 
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several orders of magnitude higher. A possible, although unlikely, 
explanation is that the measurements of BdP levels in ETS (sum- 
marized in Table 2-10) inappropriately reflect total environmental 
3aP, which includes contributions from cooking, coal burning, and 
other sources, and that the contribution of BaP from ETS to total 
BaP is of the order of 2% or less. 

The large uncertainty in db seen in Table D-4 restricts the 
utility of these dosimetric calculations, especially given the lack of 
knowledge concerning the identity of the active carcinogens in ETS 
and mainstream smoke. In fact, the limitations of our dosimetric 
data may be even more serious than Table D-4 would lead one to 
believe. Specifically: 

• the range of values entered in Table D-4 for NDMA could 
actually be orders of magnitude too high (see step 4 of Remark 
11), 

• the range of values for RSP and BaP do not reflect dif- 
ferences between the particulate phase of ETS and that of main- 
stream snriokc with regard to deposition sites, clearance rates, and 
particle size, 

• the range of values given for BaP in Table D-4 could be 
orders of magnitude too high if, as discussed above, the BaP entries 
in Table 2-10 represent the total environmental BaP inhaled by a 
nonsmoker, and 

• the ratio of urinary nicotine (or cotinine) in nonsmokers 
to that in active smokers may not reflect, even qualitatively, the 
ratio of the biologically effective dose of active lung carcinogen 
absorbed by nonsmokers to the dose absorbed by active smokers 
(see Remark 12). 

D-3 ESTIMATING THE NUMBER OF 
LUNG CANCEA DEATHS IN NONSMOKERS 
IN 1985 ATTRIBUTABLE TO ETS 

An estimate of the total number of lung cancer deaths among 
lifelong nonsmoking women in 1985 is J^tIo{t)N{t), where N{t) is 
the number of nonsmoking women at risk at age t in 1985 and 
/o(0 is the age-specific lung cancer death rate among nonsmoking 
women in 1985. Data on Io{t) are given in Garfinkel (1981) for 
1972; thus, this may be somewhat inaccurate for 1985. National 
Health Interview Survey data on N(t) were made available from 
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R. Wibon of the National Center for Health Statistics. Using 
thess data, the number of lung cancer deaths was estimated to 
be 7,000, similar to the estimate obtained by Seidman (personal 
communication) using a related approach. 

The total number of lung cancer deaths among nonsmoking 
women attributable to ETS in 1985 is 

^iV = X)^f{0/o{Om (11) 
t 

where AF{t) is the age-specific fraction of lung cancer deaths 
due to ETS exposure in nonsmoking women. That is, AF{t) is 
the age-specific average excess true relative risk (i.e., the average 
relative risk minus 1) divided by the age-specific average relative 
risk. In order to estimate the age-specific average relative risk 
among nonsmoking women, we require age-specific estimates of 
the probability of being married * a smoker (i.e., the probability 
of being "exposed") and of the true relative risk in "exposed" and 
"unexposed" -subjects. We obtained age-specific estimates of the 
probability of being "exposed" from the Garfinkel et al. (1985) 
control population (Garfinkel, personal communication). 

We estimated the true relative risk in three different ways. 
First, we use the estimates derived using Method 1 in Section D-1. 
Second, we use the estimates based on Method 2 of Section D- 

1. Third, we completely ignore the epidemiologic data on passive 
smoking and estimate the true relative risk by combining estimates 
of fii and fii/fii extrapolated from data on active smokers, and 
estimates of do based on dosimetry (Method 3). In a sensitivity 
analysis, we allow do to equal 0.01, 0.2, and 2 to crudely represent 
(approximate) exposures to RSP, BaP, and MDMA, respectively 
(see Table D-4). The estimates of the attributable number based 
on Methods 1 and 2 are valid whenever the assumptions justifying 
those methods hold. For a given choice of dot the estimates of the 
attributable number based on the third method are valid when 
the first assumption under Method 2 holds and the choice of do is 
correct (see Remark 13). 

Using the relative risk estimates based on Method 1, we ob- 
tained an attributable number of 2.010. 

In Table D-5, estimated ranges for the attributable number 
are reported. AN(EP) represents the estimates based on Method 

2. AN{0.01), AN{0.2), and AN{2) represent estimates based on 
the dosimetry estimates of 0.01, 0.2, and 2. (Since the estimate 
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of the true relative risk based on Method 2 depends only on 
PaIPi (^d not on 0^)y the estir;;ate of AN{BP) also depends 
only on PjPi) Estimates of the attributable number of lung 
cancer deaths based on Method 2 lie between 1 J68 and 3,220* 
(These estimates are approximately halved when the summary 
rate ratio of 1.14, from the U.S. studies is used in place of the 
overall sunmiary rate ratio of 1.3.) If the true value of do were 0.01 
cigarettes per day, then 259 lung ca deaths in nonsmoking 
women would be attributable to ETS. Jn the other hand, the 
maximum estimate of the attributable number based on Method 
3 with do = 0.2 (3,170 deaths) is in agreement with that based on 
Method 2 (3,220 deaths). The minimum estimates, however, differ 
by approximately threefold. 

The calculation of the number of lung cancers attributable to 
ETS in 1985 in nonsmoking males is similar. Garfinkel (1981) and 
Wilson (personal conmiunication), respectively, give data on /o(t) 
and N{t) for nonsmoking males. Since estimates of /o(t} in males 
and females are nearly equal and the estimates for females are 
more stable (Garfinkel, 1981), we use the same estimates of /o(0 
for males as for females. Using these data, the estimated number 
of lung cancers which occurrtxi in lifelong nonsmoking males in 
1985 is 5200. For males, the fraction ^'exposed'' is taken to be 14% 
(based on the control series from the Correa et al. (1983) study 
of males). Using relative risk estimates based on Method 1, it is 
estimated that 820 of the 5,200 lung cancer deaths are attributable 
to ETS. Estimates of the attributable number in males based on 
Methods 2 and 3 are given in Table D-5. Overall, the results for 
men are similar to those for women. 



D-4 LIFETIME RISK OF DEATH FROM 
LUNG CANCER ATTRIBUTABLE TO ETS 

Among Lifelong Nonsmokers 

Permissible exposure limits to environmental agents are of- 
ten set at levels low enough to reduce the lifetime risk of death 
attributable to the agent to 1 in 10^ or 10^. For purposes of com- 
parison with other environmental and occupational standards, we 
have attempted to estimate the fractions of all deaths among 
nonsmoking men and women who survive past age 45 that are 
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attributable to ETS-induced lung cancer. (This fraction is pre- 
cisely the lifetime risk of lung cancer attributable to ETS exposure 
among persons surviving to age 45.) Since the risk of lung cancer 
is nearly 0 before age 45, we have chosen to condition this estimate 
on survival until that age. (Although years of life lost due to ETS 
exposure would be more preferable as a public health measure 
than the attributable fraction of deaths, we restrict our analysis 
to this latter measure in order to help determine whether, for 
regulatory purposes, ETS is being treated differently than other 
environmental exposures.) Because environmental regulations are 
generally set with the intention of protecting all (or at least almost 
all) individuals, we chose to ate the attributable fraction for 
a representative subject with ETS exposure history of 2cfo for ages 
0-18 and Ado for ages greater than 18. Based on data from Wald 
and Ritchie (1984) and Jarvis et al. (1984), this exposure history 
represents an exposure to ETS that is slightly greater than the 
average exposure of a nonsmoker exposed as a child to a smoking 
mother and as an adult to a smoking spouse. We label this expo- 
sure history as Af, since it represents a moderately high lifetime 
exposure to ETS. 

The fraction of all deaths subsequent to age to (in our case age 
45) attributable to exposure-induced lung cancer is, by definition, 

AF{M) = 

t>to 

where 7excess(0 the excess lung cancer death rate at age t 
due to exposure history M and S{t\to) is the overall probability 
of surviving to age given one has survived to to. Given that 
the assumptions of Method 2 hold, we can obtain an estimate of 
AF{M) for each value of ^4/ fix and each of the 30 exposure histo- 
ries for the "exposed" and "unexposed'* study subjects, provided 
we have data on the age-specific lung cancer rates in nonsmoking 
women, Io{t)i and data on the all-cause age-specific mortality rates 
among nonsmoking women (which we estimated from data given 
in Hammond (1966) (see Remark 14). 

The maximum and minimum of the AF{M) across all expo- 
sure histories for each ^4/^1 are given in Table D-6 in the "never- 
smoked'' rows for males and females. AF{M) is estimated to be 
between 390 and 990 in 100,000. A similar calculation, using the 
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TABLE D-5 Estimates of ETS-Attributable Lung Cancer Deaths Among U.S. Nonsmokers in 1985 
(by Sex) 

/34//3,: All 0.0124 0.225 0.0124 0.225 1.80 

Pi: All 2.93 0.803 1.41 0.461 0.140 

Sex 



Rate Ratio = 1.3 



ANiEPf 



F 


1768-3220* 


1768-3220 


1820-2800^ 


1768-3220 


1820-2800 


1939-2492 




(323)-(113)^ 


(323)-(113) 


(321)-(113) 


(323)-(113) 


(321H113) 


(323)-(113) 


M 


721-1942 


721-1942 


751-1611 


721-1942 


750-1611 


850-1390 




(321)-(113) 


(321H113) 


(321H113) 


(321)-(113) 


(321)-(113) 


(321)-(113) 


/l/V(0.01) 














F 


31-259 


125-259 


54-102 


61-127 


31-59 


34-55 




(4.'>3)-(211) 


(423).(211) 


(423).(211) 


(423)-(211) 


(423)-(211) 


(423)-(211) 


M 


14-137 


53-137 


24-50 


26-67 


14-29 


16-25 




(423)-(lll) 


(423H111) 


(423).(111) 


(423).(111) 


(423M111) 


(423M111) 



AN {0,2) 



F 


585-3174 


1921-3174 


978-1695 


1059-1939 


585-1052 


634-988 




(423)-(211) 


(423M211) 


(423)-(211) 


(423).(211) 


(423)-(211) 


(423)-(211) 


M 


265-1890 


908-1890 


450-891 


425-1094 


265-540 


305-465 




(423H111) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


AN {2) 












F 


3793-6778 


5992-6778 


5039-6198 


4702-5973 


3793-5163 


3854-4955 


M 


(423H211) 


(423H211) 


(423)-(211) 


(423)-(211) 


(423)-(211) 


(423)-(211) 


2016-4803 


3812-4803 


2904-4060 


2758-4057 


2016-3170 


2151-2908 




(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 


(423)-(lll) 



Rate Ratio = /. 14 
ANiEP) 

F 935-1730 

(323)-(113) 
M 360-980 

(321)-(113) CO 
o 

**AN (EP> is based on epidemiologic data in nonsmokers expored to ETS. 

^Range of attributable number of lung cancers over 30 exposure histories and five choices of (/3|, 

'■Range of AN of lung cancers over 30 exposure histories in nonsmoking females for ^^/^\ = 0.225, j3| = 0.803. 

''Exposure history where minimum and maximum occurs. 
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TABLE D-6 Range of Estimated Lung Cancer Deaths Attributable 
to Breathing Other People's Cigarette Smoke per 10,000 Deaths 
(All Causes) 

0a/0iiA\\ 0.0124 1.8 0.225 
Smoking — 



Rate 


Sex 


Status'' 


^l! All 


2.93 


t At 

1 .41 




n on? 
U.oUJ 


n At,. 




M 


N 


39-99 


48-99 


45-95'' 


48-99 


45-95 


39-77 






Ex 


52-197 


62-126 


74-149 


52-106 


100-197 


62-115 






C 


58-30?' 


78-157 


107-209 


58-117 


159-307 


86-158 




F 


N 


40-99 


49-99 


45-96 


49-99 


45-96 


40-78 






Ex 


54-203 


64-130 


77-154 


54-110 


103-203 


64-120 






C 


62-331 


84-169 


115-225 


62-125 


171-331 


92-170 


1J4 


M 


N 


19-49 
















Ex 


26-99 
















C 


29-159 














F 


N 


21-52 
















Ex 


29-109 
















C 


33-182 













''Smoking Status: N = never; Ex = smoked 1 pack per day. age 18-45; C = continuing 
smoker. 1 pack per day from age 18. 
^Assumed causal rate ratio. 
' Range over 30 exposure histories. 5 values of 
^Range over 30 exposure histories. 



NOTE: All maxima were associated with exposure history (423); all minima with history 
(311). 

summary risk of 1.14 from the U.S. studies (instead of 1.3), halves 
our estimates for AF{Ai). 

Among Current and Exsmokers 

We now estimate AF{M) for to = 45 for current and exsmok- 
ers of 20 cigarettes per day. To clarify the approach, consider 
a female exsmoker (or continuing smoker) who was exposed to 
exposure history M of ETS from other people's cigarette smoke. 
(The subject's total ETS exposure is even greater, since it consists 
of contributions from her own cigarette smoke, as well.) Then 
7excess(0 necessary for the calculation of AF{M) is the differ- 
ence between the lung cancer mortality rate at age t, given her 
total smoke exposure, and her lung cancer mortality rate at age 
had she had the same active smoking history withrut exposure to 
other people's cigarette smoke. We require the same assumptions 
and information to estimate AF{M) for exsmokers and continuing 
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smokers as we did for nonsmokers, plus an estimate of pi. Esti- 
mates of S{t\to) are obtained as before, except the exsmoker and 
continuing smoker all-cause mortality rates given in Hammond 
(1966) are used (see Remark 15). 

In Table D-6 the maximum and minimum of AF{M) for each 
of five combinations of [PuPaIPi) and all 30 exposure histories for 
the "exposed" and "unexposed" are given for cont\*uing smokers 
and exsmokers of 20 cigarettes per day staiting at age 18 and, 
in the case of exsmokers, stopping at age 45. For exsmokers, the 
estimate lies between 520 and 2,030 per 100,000. For continuing 
smokers, it lies between 580 and 3,310 per 100,000. A similar 
calculation, using the summary rate ratio of 1.14 from the U.S. 
studies, halves our estimates. 

DISCUSSION 

Exercises in quantitative r'sk assessment serve several useful 
purposes. First, public health decisions must often be made with- 
out certainty as to the magnitude of the likely health benefits that 
would result from implementing the various policy options. Quan- 
titative risk assessment can aid in the decision-making process by 
quantifying this uncertainty. Second, difficulties encountered in 
providing precise estimates in quantitative risk assessment high- 
light areas where scientific knowledge is inadequate. Thus, exer- 
cises in risk assessment can serve to help focus future research. 

All quantitative assessments of risk rely on assumptions. In- 
terval estimates of quantitative risk are reliable only insofar as (1) 
the assumptions under which they were derived are valid and (2) 
the range of parameter values used in the estimation process in- 
cludes the true value. It follows that no quantitative risk estimates 
can be guaranteed to be reliable. Nonetheless, some risk estimates 
are more (or less) reliable than others. 

With regard to point (2) above, it should be noted that, in 
performing the risk asse&sment presented here, a sensitivity analy- 
sis was performed only over those parameters for which there were 
either inadequate empirical estimates (e.g., the lifetime ETS ex- 
posure history of "exposed" and "unexposed" subjects) or grossly 
inconsistent estimates (e.g., the estimates of PaIPi)- Thus, the 
analyses did not account for other sources of uncertainty, such as 
statistical uncertainty, in estimates of other parameters. If they 
had, the width of the interval risk estimates may have increased 
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severalfold. Generally, the more parameters that are varied in a 
seneitivity analysis, the more information that analysis provides; 
nonetheless, for simplicity, we chose to vary only those param- 
eters with inadequate or inconsistent estimates. It is inevitable 
that some readers, often with good justification, will feel that we 
should have used different values for the parameters we treated sis 
fixed or different ranges for the parameters we varied. (Computer 
programs are available from Dr. Robins.) 

In our risk assessment, the most important assumption was 
that the observed summary rate ratio of 1.3 was causal. If this 
assumption is correct (below we discuss the possibility that it is 
not), we believe that the estimate of the lifetime risk of lung cancer 
among lifelong nonsmokers attributable to moderate ETS expo- 
sure [AF(A/)] will be accurate to within a factor of 2 to 6. This 
belief depends on the fav-t that if the rate ratio of 1.3 is causal, we 
are not extrapolating outside the range of the data (for example, 
from high to low dose) in estimating AF{M). (Even though our re- 
ported uncertainty in estimating AF{M) in never-smokers (Table 
D-6) is only twofold, nonetheless, as discussed above, our esti- 
mate of overall uncertainty would likely be larger; we have guessed 
twofold to sixfold). For any reasonably flexible model, suc!i as 
the multistage model, the data (when ample) will drive f\ie risk 
estimates provided one does not extrapolate outside thr range of 
the data. For instance, even though our estimates of fi^/fii used in 
the sensitivity analysis differed by 150-fold, the overall variation 
in the lifetime risk of lung cancex' due to ETS in nonsmokers varied 
only twofold (Table D-6). In contrast, in estimating the lifetime 
risk of lung cancer due to ETS in exsmokers we were forced to 
extrapolate outside the range of the data. To do this we used sta- 
tistical models. We found an uncertainty factor of about fourfold 
(Table D-6) because of the sensitivity of this extrapolation to the 
particular coefRcients assumed for the multistage model. But even 
this rang( of four underestimates the true uncertainty, because we 
have little assurance that it is appropriate to use the multistage 
model to extrapolate. 

Given that we can know the lifetime risk of ETS-caused lung 
cancer in nonsmokers within a factor of 2 to 6, is this degree of 
accuracy sufficient for our purposes? Obviously, it depends on 
the purpose. If there were a regulatory process through which we 
wished to ensure that the lifetime risk of lung cancer attributable 
to ETS among ronsmokers would be no greater than 1 in 100,000 
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(or even 1 in 1,000), by limiting, if necessary, exposure to envi- 
ronmental tobacco smoke, our risk analysis would appear to be 
sufficient to drive that process > This is true because, even if the 
lower estimate of risk of 390 per 100,000 were reduced by factor of 
2 or 3 (to take into account additional sourcc3 of uncertainty), it 
would still greatly exceed 1 per 100,000. 

In this appendix, we confined our risk estimates to those aris- 
ing under the assumptions that the causal summary rate ratio 
from the various epidemiologic studies was either 1.3 or 1.14 (the 
summary rate ratio from the U.S. studies). In Chapter 12 it v.-\s 
concluded that, considering the evidence as a whole, exposure to 
ETS increases the rate of lung cancer among nonsmokers. Further- 
more, it was concluded that our best overall estimate of the causal 
summary rate ratio from the 13 studies was about 1.3. In light 
of this conclusion about causation, for purposc^s of making public 
health decisions for the United States, it would seem prudent to 
operate under the assumption that the true summary rate ratio 
wa? most likely 1.3 and at least 1.14 (even though values less than 
1.14 crnnot be excluded). We therefore did not prepare estimates 
for values less than 1.14. 

We also did not make risk estimates under the assumption 
that the causal summary rate ratio was greater than l.J*, largely 
because the estimated lifetime risk of lung cancer at this rate ratio 
of 1.3 was sufficiently large that it did not seem important to 
quantify how large the lifetime risk might be if the true causal rate 
ratio were 1.48 (the 95% upper confidence limit for the summary 
rate ratio of 1.3). Finally, it would have been helpful to be able to 
compare estimates of risk derived from the 13 epidemiologic studies 
of nonsmokers exposed to ETS with independent estimates based 
on dosimetric measurements made in active and passive smokers. 
Unfortunately, as discussed in Section D-2, uncertainties in the 
identity and dose of the active carcinogens in ETS and mainstreeim 
smoke effectively preclude this possibility at this time. 

TECHNICAL DISCUSSIONS 
Estimation of the True Relative Risk 

Method 1 

The assumptions presented in Section D-1 above are replaced 
by more formal assumptions: 
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Assumption la We assume that, in the "low-dose" range repre- 
sented by ETS exposure, the increment in the mortality rate at 
age t due to an increment of ETS exposure experienced at age u 
(tt < t) is uninfluenced by any other increment of ETS exposure 
(whether received at time u or at any other time u'). 
The mathematical formulation of Assumption la is 



where 70 (0 mortality rate at t in the absence of exposure to 
ETS, d{u) is the dose at age u of the active carcinogen in ETS, 
^(^[{^(u); u < t}) is the mortality rate at t given a history of expo- 
sure to ETS represented by the curve {d(u);u < t},/^ f{tyv)d{u)du 
may be interpreted as a weighted average of an individual's past 
exposure, and fi{t) is an age-specific measure of the magnitude (on 
a ratio scale) of the ETS effect. (For example, if there were a 
5-year biologic latency period, /(t, u) = 0 for t - u < 5). 

Remark X In the above description of Equation D-1, we have 
implicitlj' assumed that S^f{tiU)du = 1 so that Jq f{tiv)d{v)du is 
a weighted average and fi{t)\i3 an effect measure. In fact, the 
restriction 



is not in general necessary for Equation D-1 to be meaningful, al- 
though some restriction is necessary to identify Nonetheless, 
Equation D-1 can always be "reparameterized" so that Equation 
D-2 holds. If, in Equation D-1, fi{t) = independent of i, we say 
that we have a linear excess relative risk model. If in Equation D- 
1, P{t)^o{t) = fi'i independent of we have a linear excess absolute 
risk model. If there exists a function /(t, u] for which Equation D-1 
is a linear excess relative (or absolute) risk model, then Equation 
D-1 generally cannot be "reparameterized" so that simultaneously 
Equation D.2 holds and fi{t) = )9 o? fi{t)^o{t) = fi'. 

Remark £ By extending the argument given by Crump et al. 
(1976), one can show that sufficient (but not necessary) conditions 
for Assumption la to hold are (1) thr dose of ETS to passive 
smokers at any time u has a very small influence on risk at t and 
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(2) other risk factors for lung cancer operate through the same 
mechanism as ETS. Since the true relative risk associated with 
passive smoking exceeds 1.3, Crump et al.'s argument may not 
be relevant. In Remark 18, we empirically assess the validity of 
Assumption la under the further assumption that cigarette smoke 
affects two stages of a five-stage multistage cancer process. 

Consider now the subset of the source population of an epi- 
demiologic study that includes "exposed'' individuals at risk at 
age t Clearly, the exposure at any time u,u < to ETS, say cf(u), 
will vary among persons in this subset. Let c/£;(u|t) be the average 
pulmonary dose at age u among "exposed'' individuals at risk at 
age t. 

In a follow-up study in which the data collected includes age, 
cause of death, and "exposure^ status, we can empiricaU^' esti- 
mate the age-specific (average) mortality rate among "exposed" 
individuals, 7(^|£), and unexposed individuals, 7(^1^). Fxirther- 
more, it follows from the linearity of Equation D-1 that 



where RR{t\E) is the true relative risk (i.e., the ratio of the mortal- 
ity rate among ''exposed" individuals to that of truly unexposed 
individuals). Unfortunately, we cannot estimate 70 (0 ^^^^ 
without further assumptions. Similarly, we are unable 
to estimate RR{t\E)y the true relative risk due to ETS in "unex- 
posed" individuals. (Remember, "unexposed" individuals are truly 
exposed.) But, in the absence of bias, from either prospective or 
case-control data we can empirically estimate 



(In a case-control study the left side of Equation D-4 is the age- 
specific odds ratio comparing "exposed" to "unexposed" individ- 
uals.) 

Assumption lb 



RR{t\E) = ^{t\E)Mt) 




(D-3) 



7(^1^) ^ l + mjtfMdE{u\t)du ^ RR{t\E) 



(D-4) 



dE{u\t) 



= c(u|t) = c(t), 



(D-5) 
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wheie c{t) is a known consta- * independent of «. Note c(u\t) is a 
ratio of the average exposure m age u of "exposed" subjects at risk 
at age t to that of "unexposed" subjects at risk at t. Our main 
result is: 

Lemma 1; If Assumptions la and lb hold then RR{t\E) = l + c{t)x 
and RR{t\E) = 1 + x where 



c{t)-:mi- 



^{t\B) 

Proof: Let )9(0 /q /(«,«)dB("IO<i« = RR{t\E) - 1 = x. Then 
RR{t\E) = 1 + c{i)x and RR{t\E) = 1 + x. Thus, substituting in 
Equation D-4, 



implies: 



l{t\E) ^ 1 + c(t)x 
7(t|J5) 1 + X 



T«|g) 1 



Example: Suppose c(70) = 3 and f[70\E)/f{70\E) = 1.3, then x = 
0.18,iii2(70i5) = 1.16,RR{70\E) = 1.54. 

We now show that, under Assumption la, if c{u\t) < 3 for all 
ti, the previous estimates of RR{t\E) and RR{t\E) must, in fact, be 
underestimates (although the magnitude of the underestimation 
cannot itself be assessed without further assumptions such as those 
given under Method 2). First note that even when Equation D- 
5 is false, it is still true that, under Assumption la, with x = 
RR{t\£j) - 1, Equation D-6 holds provided c{t) is replaced by c*(t), 
where 

/o/(«,«)dfi(u)du' 

(Note that c'{t) > 7(t|£?)/7(t|5).] Furthermore, RR(t\E) is still 1+x 
(by definition) and RR{t\E) = l + c'(t)x. 

Nov/ it is straightforward to check that RR{t\E) and RR{t\E) 
are decreasing functions of c*{t) reaching respective minima of 
1 and i{t\E)/f(t\B) when c*{t) oo and maxima of oo when 
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c*(t) ^j{t\E)/^{t\E) is greater than 1. c*{t) = ^{t\E)/^{t\E) is the 
condition of maximum misclassification between "exposed" and 
**unexposed" groups in terms of exposure to ETS. On the other 
hand, when c*{t) = oo no "unexposed" individual is exposed to 
ETS. 

Furthermore, it is easy to check that if 

dB{n\70)/ds[u\70) = c(u|70) < 3 (D-T) 

for all u < 70, then c*{t) < 3. It follows that in our previous 
example, RR[t\B) = 1.18 and RR{t\E) = 1.54 would, in general, be 
underestimates of the true RR{t\E) and RR[t\E) if Equation D-7 
holds. 

Remark S Note that the investigators of the 13 epidemiologic 
studies analyze their results as if their observed rate ratios were 
not dependent on age, as evidenced by the fact that none of the 
authors reported age-specific rate ratios. But if the rate ratio 
varies with age, then the observed rate ratio reported in each 
study will be a weighted average of varying age-specific rate ratios. 
Since Garfinkol et al. (1985) found the median age of lung cancer 
in nonsmoking ivomen in his population was approximately 70 
(Garfinkel, personal communication), we would expect that this 
weighted average approximates the rate ratio at 70. This implies 
that the second assumption under Method 2 in section D-1 is 
probably close to correct. To be precise, if, in a case-control 
study, one-to-one matching on age is employed and a matched 
pair analysis is performed, the matched pair odds ratio estimator 
will estimate the following weighted average of the age-specific 
rate ratios, -f{t\E)/-t{t\B). The large sample expected value of the 
odds ratio estimator [OR) is E[OR\ = J[^{t\E)/^{t\E)]f{t)dt where 

f(t\ ^ 

h[t) = PiE\t)p{B\ t) 



b{t\E)hm]p{E\t)'hp{£\tr 
fD{t) is the fraction of all lung cancers in nonsmoking women that 
occur at age and p{E\t) is the fraction of nonsmokers in the study 
source population of age t who are "unexposed." 

Remark 4 We now examine the conditions under which Assump- 
tion lb holds with c(70) = 3. We conclude from the following 
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examination that it is unlikely that Assumption lb is true, even 
as an approximation. 

Wald and Ritchie (1984) estimate that, in 1982 in England, 
the urinary cotinine concentration of an average nonsmoking male 
with a smoking spouse is 3 times that of the average nonsmoking 
male without a smoking spouse. Urinary nicotine data from Jarvis 
et al. (1984) and interview data from BViedman et al. (1983) suggest 
that similar results would be obtained in women. Given these 
obseiveitions, the following six conditions must, in general, be met 
in order for Assumption lb to hold with c(70) = 3. 

Condition 1 The ratio of 3 also applies to exposure to the biologi- 
cally relevant carcinogen or carcinogens in ETS. 

Condition 1 is likely to hold, at least in our approximate sense, 
in the United States and England. [Olav Axelson has pointed 
out a situation in which it would not hold. Suppose that the 
carcinogenic effect of ETS is largely due to the adsorption of 
environmental radon onto ETS particles. Then, home exposure 
to ETS would be of greater importance if, in general, only home 
ventilation rates are low enough to allow significant accumulation 
of environmental radon onto ETS particles. Friedman et al. (Table 
6, 1983) showed that the number of hours currently- ^^exposed" 
women are exposed to ETS at home is 12.7 times the number 
of hours that currently- "unexposed" individuals are exposed at 
home. On the other hand, the total number of hours of ETS 
exposure in currently-"exposed" women is only 3 times that of 
currently-^'unexposed" individuals. Thus, if radon uptake rather 
than urinary cotinine had been measured, Wald and Ritchie may 
have found a ratio nearer 12 than 3.) 

On the other hand, in Japan and Greece the ratio of urinary 
cotinine in nonsmoking women with a smoking spouse to that in 
nonsmoking women without a smoking spouse probably exceeds 
the value of 3 measured by Wald and Ritchie (1984) in England, 
since women in those countries are likely to spend less time in 
contact with cigarette smokers outside the home. It follows that 
one might expect the observed rate ratio in the Hirayama (1984) 
and TVichopoulos et al. (1983) studies in Japan and Greece, re- 
spectively, to exceed that found in studies in the United States. 
Table 12-4 bears out this expectation. Thus, we might want to 
exclude Hirayama*6 and Trichopoulos et al.'s studies in calculat- 
ing the overall summary rate ratio. We have see.: that the U.S. 



326 



319 



studies have overall summary relative risk of 1.14. Assuming 
Assumption lb witL c(70) = 3 holds for the United States, we 
would estimate the true relative risk in *'exposed" and "unex- 
posed** study subjects in the United States to be 1.225 and 1.075. 
Nonetheless, since 1.225 is less than the observed rate ratios of 
1.45 and 2.01 in the Hirayama and IVichopoulos et al. studies, we 
must also assume that the ETS exposure of nonsmoking women 
with smoking spouses in Japan and Greece exceeds that in the 
United States (if we ignore sampling variability and other sources 
of bias and interaction). Matsukura et al.'s (1984) data on urinary 
cotinine suggests this may be the case for spouse-exposed Japanese 
nonsmokers. 

Because 10 of the 13 epidemiologic studies were case-control 
studies, we concentrate on case-control studies in the following. 
(Most of our remarks would have to be only slightly modified 
in order to apply to prospective studies such as Garfinkel (1981) 
and Hirayama (1981), in which the follow-up is only 10 to If* 
years.) To characterize further conditions sufficient to imply 
that c(70) = 3, we shall need io be more precise in our def- 
inition of "exposed" and "unexposed" subjects. We define an 
ever- "exposed" (never- "exposed") subject to be a nonsmoker who, 
when queried in a case-control study in approximately 1982, an- 
swered "yes" ("no") to the question "Did you ever live with a 
smoking spouse?" We define a currently- "exposed" (currently- 
"unexposed") subject to be a nonsmoker who, in an epidemiologic 
study in 1982, answered "yes" ("no") to the question "Do you 
currently live with a smoking spouse?" Some of the case-control 
ctudies compared ever- "exposed" and never- "exposed" individu- 
als (for example, Garfinkel et al., 1985). Approximately half of 
GarfinkePs ever- "exposed" subjects were currently- "unexposed," 
with the median time since their spouse stopped smoking of 15 
years (Garfinkel, personal communication). Other studies com- 
pared currently- "exposed" subjects to never- "exposed" subjects. 

Condition 2 Wald and Ritchie's (1984) ratio of 3 is independent of 
age and thus applicable to 70-year-olds. Sufficient urinary cotinine 
measurements have not been made on 70*year-olds to provide 
empirical evidence as to whether this condition holds. 

Condition S Nearly all 70«year-Gld currently- "exposed" individuals 
married smokers at about age 20 in approximately 1932. This is 
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probably a reasonable approximation, assuming little divorce and 
remarriage m this population. 

Condition 4 If the study compares ever- "exposed" to never- 
''exposcd*' subjects, the magnitude of the ETS exposure in the 
years preceeding the study date of ever- "exposed" individuals who 
are currently- "unexposed" (because their spouses either died or 
quit smoking on average 15 years ago) is the same as that of 
currently- **exposed" individuals. For this latter condition to hold 
(even as an approximation), it is necessary either that only a small 
proportion of the total ETS exposure in currently- "exposed" in- 
dividuals is directly from their spouses or that, when the smoking 
spouse of a nonsmoker either dies or quits smoking, the amount 
of time the nonsmoker spends with other smokers increases. Our 
guess, based on Table 6 of Friedman et al. (1983), is that the ETS 
exposure of ap. average ever- "exposed" female diminishes by a half 
or more when her husband either dies or quits. Thus, it is unlikely 
that Condition 4 holds. 

Condition 5 The ratio of 3 applies to the ETS exposure of "ex- 
posed" and "unexposed" subjects even during childhood. It seems 
unlikely that children who grew up to marry smoking spouses 
would have 3 times the ETS exposure in childhood as children 
who grew up to marry nonsmoking spouses, although in Remark 
7 we consider empirical evidence which suggests it is conceivable 
that Condition 5 might approximately hold. 

Condition 6 Wald and Ritchie (1984) would have found the same 
ratio of 3 if their study had been performed in any year from 
1932 to 1982. Even in those case-control studies that i:ompared 
currently- "exposed" subjects to never- "exposed" subjects. Condi- 
tion 6 may well be false. For example, in the 1930s and 1940s, 
nonsmoking women study subjects (who were then 20 to 30 years 
old) were presumably less often in contact with smokers outside 
the home. This would suggest that in the 1930s and 1940s the ra- 
tio of ETS exposure in nonsmoking women with smoking spouses 
compared to nonsmoking women without smoking spouses was 
closer to 12 than to 3 (provided the results of Friedman et al. 
(1983) mentioned in the discussion under Condition 1 can be ex- 
trapolated to the 1930s). 

Remark 5: Estimatta of pjpi We used three different estimates 
for p4^lpi in our sensitivity analysb. All were obtained from data 
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on active smokers. To obtain the first, we fit by the method 
of maximum likelihood a five-stage multistage model, with the 
first and fourth stages affected, to the data on continuing smokers 
given in Doll and Peto (1978) (excluding, as did Doll and Peto, the 
subgroup who smoked more than 40 cigarettes per day). This gave 
PaIPi = 0.0124 (and = 2.93). To be precise, we fit, as did Doll and 
Peto, the data enclosed in rectangles in their Tables 2 and 3. We 
used the mean number of cigaiettes for each "cigarette-per-day'' 
group given in their Table 2 and assumed, for each "cigarette- 
per-day** group, a variance that was half the maximum possible 
variance. We then fit the data in three different ways. First, we 
used the reported actual m&za age of onset of cigarette smoking 
(19.2 years) as date of onset and the means of the age groups 
defining the rows in Tables 2 and 3 as the age of the event. 
Secondly, we used age 22.5 years as date of onset. Thirdly, we used 
age 19.2 years as date of onset, but subtracted 3.3 years from the 
means of the age groups defining the age of the event. The first 
and third methods both gave essentially the estimates reported 
above, while the second method gave P^lPi = 0.014,^1 = 3.42. 
The estimates based on the second method are not used in this 
appendix. 

For our second estimate we used an estimate of PaIPi = 1-8| 
given by Brown and Chu (in press), based on fitting this same mul- 
tistage model to data from a large European case-control study. 
Brown and Chu found that ^54/^1 = 1.8 (iind Pi = 0.14) for individ- 
uals who smoked 21-30 cigarettes per day (see Table 3 of Brown 
and Chu). (Brown and Chu find a ratio of 4 for PaIPi for smokers 
of 1-10 cigarettes per day. We did not use this estimate due to its 
presumed lack of stability.) Note that the ratio of 1.8 found by 
Brown and Chu was 150 times that of Doll and Peto. The low 
PaIPi ratio in the Doll and Peto continuing smoker data does not 
appear to adequately account for the rapid decline in risk associ-- 
ated with cessation of cigarette smoking as given in Doll and Peto 
(1976). This implied that the estimate of 0.0124 was probably too 
low. Furthermore, the estimate of ^4/^1 from the Doll and Peto 
continuing-smoker data was quite imprecise, since the correlation 
between the estimates of ^1 and ^4 was -0.93. Based on these con- 
siderations, we computed a revised estimate of ^4/^1 from the Doll 
and Peto continuing-smoker data by finding the maximum value of 
PaIPi associated with a point on the 2 log likelihood surface that 
lay 3.87 (chi-squared units) below the value of the 2 log likelihood 
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surface at its maximum above. At this point, the ratio of ^94/^91 
had increased 20-fold to 0.225 (and = 0.803). In our sensitivity 
analysis, therefore, we used ratios of pjpi equal to 0.0124, 0.225, 
and 1.8. 

(One might believe that if the estimate of P^/Pi, which one 
would hope to be a biological constant, can differ by 150-fold across 
data sets. Method 2 is useless. We actually are not so skeptical. 
If the sensitivity analysis shows that such large differences in 
estimates of P^/pi have little influence on our estimate of the 
true relative risk in ""exposed" and "unexposed" study subjects, 
this will indicate a high degree of robustness (insensitivity) to the 
actual model for lung cancer risk. Therefore, our confidence in the 
estimates of the true relative xmV may therefore be enhanced. As 
we shall see, we do indeed find such robustness.) 

Remark 6: Reading the Exposure Histories from Table D-1 Each 
of our exposure histories can be represented by a vector (a,6,c), 
where the value of a characterizes five possible population-exposure 
histories from age 0-20 (a = 1, 5) , 6 characterizes two possible ex- 
posure histories from age 20-55 (6 = 1,2) and c characterizes three 
possible exposure histories from ages 55-70 (c = 1,2,3). Since we 
can select any of five exposure histories between ages 0 and 20, 
eviy of two between ages 20 and 55 and any of three between 55 
and 70, we have 5 x 3 x 2 = 30 exposure histories. Each value of c 
gives an exposure history for "exposed" and "unexposed" subjects 
between the ages of 55 and 70. The population-exposure history 
between ages 55 and 70 represented by a particular value of c is 
described by the (up to) six values entered in Table D-1. As an ex- 
ample of how to read Table D-1, consider the case c = 3. Reading 
Table D-1, we see that p^B = 0.5, A^b = Sdo, /jcb = 2do,p,s = 1.0, 
ficE = and f2cB is undefined. By definition, pcB gives the frac- 
tion of "exposed" individuals exposed at rate fuB between ages 55 
and 70. 1 -pcB is the fraction of "exposed" individuals exposed at 
rate /gcB- Therefore, 50% of "exposed" individuals receive a dose 
of ETS of 3do from 55 to 70 and 50% receive Ido. Similarly, 100% 
of "unexposed" individuals receive a dose of Ido between ages 55 
and 70. (Therefore, f^^B need not be defined.) 

Remark 7: Choice of SO Exposure Histories In choosing the ex- 
posure histories, we rely heavily on data from the control series in 
Garfinkel et al. (1985), because similar detailed information is not ♦ 
available for any other study. We made the following assumptions. 
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1. All study subjects were ace 70 at the time of the study. 
(In ^he Garfinkel et al. study (1985), the average age of cases 
and controls was approximately 70.) The choice of 55 as the 
upper age cutoff reflects the fact that among controls in Garfinkel 
et al. who were ever- "exposed" but not currently- "exposed," the 
median time since their smoking spouses either died or quit was 
roughly 15 years. Thus, we chose 70 - 15 = 55 as the age at 
which ever- "exposed" individuals who are currently- "unexposed" 
ceased to be exposed to their spouses' cigarette smoke. The choice 
c = 2 represents our best guess as to the actual ETS exposure 
in the Garfinkel et al. study population between ages 55 and 70. 
The choice c = 3 assumes the ever- "exposed" subjects who are 
currently "unexposed" receive the same ETS dose, do, from age 
55 to 70 as never- "exposed" subjects. Note that c = 1 represents a 
study in which all exposed individuals are currently- "exposed." 

2. For exposure histories between ages 20 and 55, we assume 
that all subjects were married at age 20. ( = 1 represents a 
population in which Wald and Ritchie (1984) would have obtained 
the same urinary cotinine measurements had they performed their 
study m any year from 1932 to 1982. In contrast, 6 = 2 represents a 
situation in which from 1932 to 1967 never- "exposed" individuals 
were exposed to ETS at a rate only 15% of that of currently- 
"unexposed" individuals in 1982 and ever- "exposed" individuals 
were exposed at a rate half that of acurrently-"exposed" individual 
in 1982. Thus, b = 2 represents an extreme example of the situation 
discussed under Condition 6 of Remark 4 with c(30|70) = 10. The 
true exposure rates between ages 20 and 55 presumably lie between 
thc3e represented by ( = 2 and b = l. 

3. We next consider ETS exposures between the ages of 0 
and 20. 39% (25%) of "exposed" ("unexposed") individuals in 
the control series in Garfinkel et al. (1985) reported that they 
were regularly exposed to ETS in their honiies during chiUhood 
(presumably because, in the large majority of cases, at least one of 
their parents was a smoker). These controls, w) are on average 
age 70, had to remember their parents* ijmoking habits over more 
than 50 years. Therefore, some misclassification is unavoidable. 
As a guess, we suppose that the false negative rate for parental 
smoking was 0.3 and the false positive rate was 0.15, independent 
of "exposure" status. Define PaE to be the fraction of exposed 
c atrols with at least one smoking parent. Then, correcting for 
misclassification, our best estimates of paB and p^^ are 0.44 and 
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0.18, respectively (since 0.7 pas + 0.15(1 - pas) = 0.39 implies 
PaK = 0.44). 

For the exposure hi*:tories represented by a = 1, we used the 
uncorrected estimates 0.39 and 0.25, and otherwise used the cor- 
rected estimates. The uncorrected estimates were used in our 
sensitivity analysis because we do not know the true misclassifica- 
tion rates and, if false-positive and false-negative rates depend on 
**exposure" status, the true ratio of pas/Pafi "lay be less than or 
equal to 0.39/0.25. To develop estimates of fia and /sa we proceed 
as follows. Jarvis et al. (1985) give mean salivary cotinine levels in 
children of 0.44, 1.32, 1.99, 3.39 ng/ml, depending on whether nei- 
ther parent smoked (269), only father smoked (96), only mother 
smoked (76), or both parents smoked (128). (The numbers in 
parentheses give the number o2 children in each parental smok- 
ing category.) Now, Jarvis et a!, conjecture that an average ac- 
tive smoker would have a salivary cotinine level of approximately 
300 ng/ml. It follows that, as a rough approximation, the expo- 
sure to ETS of a child with nonsmoking parents is approximately 
0.3do since Wald and Ritchie (1984) found the urinary cotinine 
levels of currently- "unexposed** individuals were approximately 
1/200 that of an average active smoker and 0.44 x 200/300 s 0.3. 
(This result cbyiously depends on unverified assumptions about 
'he comparability of nicotine metabolism in adults and children.) 
Furthermore, the ratio of ETS exposure in an average child with 
a smoking parent to an average child without a smoking parent is 
[(1.32)(96) + 1.99(76) 4- 3.39(l28)/(96 + 764- 128)1/0.44 = 5.1 (which is 
a dose of l.SZdo = 5.1(0.3)(fc. Similar data from a study of Coultas 
et. al. (1986) give a ratio of 3.07 rather than 5.1, under the assump- 
tion that the fraction of children with two smoking parents among 
children with at least one smoking parent is 128/(76 + 56 + 128), as 
in the Jarvis study. These results motivated the choice of fia and 
/2a for a equal to 1 and 2. 

One would expect that in the 1920s children living in homes 
with no parents smoking might well have less ETS exposure than 
such children currently have (since in the 1920s fewer caretak- 
ers, who were almost exclusively female, smoked). On the other 
hand, among children who lived in a home with a smoking parent, 
presumably a higher percentage had only father who smoked. 
(Data on this question was not available from the Garfinkel et al. 
(1985) control population.) Thus, the ETS exposure in the 1920s 
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of an average child with a smoking pe^eiit would also be less than 
that of a similar child in the 1980s. These observations led to our 
choice of /j^ and /2a for a = 4. On the other hand, it is likely 
that, conditional on having had a smoking parent in childhood, 
"exposed" individuals are more likely than ''unexposed" individu- 
als to have had a mother who smoked. Furthermore, it may well 
be that "exposed" individuals without a smoking parent had, on 
average, higher exposures in childhood than "unexposed" individ- 
uals without a smoking parent. (Recall that a higher percentage 
of "exposed" individuals are known to report having at least one 
smoking parent.) These observations led to our choice of the ex* 
posure histories characterized by a = 3. The final choice, a = 5, 
reflects the ratio of 3.07 found by Coultas et al. and the possi- 
bility that in the 1920s, when few women smoked, this ratio was 
even less. The maximum value for the ratio of the childhood ETS 
exposure of "exposed" compared to "unexposed" subjects is 3.17 
occurring when a = 3. 

All 30 exposure histories presuaie that the ratio of ETS ex- 
posure in the 1970s and 1980s in currently- "exposed" subjects to 
that in currently- "unexposed" subjects is 3, as found by Wald 
and Ritchie. Thus, the sensitivity analysis may not be applicable 
to studies carried out in Greece and Japein, for reasons discussed 
above (although it is possible that in recent years the exposure 
of Japanese nonsmoking women outside the home has increased 
to United States^ and British levels). Thus, one might wish to 
use both 1.3 and 1.14 as the summary observed rate ratio in a 
sensitivity analysis. 

Rftmark 8: Estimating the True Relative Risk Under As- 
sumptions for Method 2 Above Consider a group of individuals 
(i.e., the "exposed" individuals or the "unexposed" individuals in 
Garfinkel et al.^s (1985) study) such that each indi vidual t has a 
constant exposure to ETS, duy from age 0 to to, exposure d2i from 
age ^0 to t,y and exposure from age to t. The duyd2iydz{ may 
vary between individuals in the group. Then, the true relative risV 
at age t for the group compared to a completely unexposed group, 
when exposure affects the first and fourth stages of a five-stage 
multistage model, is: 

RR{t) = 1 H- l3ido[Hi] H- Mo{H2] + ^4do'{^fx2], D-8 
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where fii and ^4 are unknown constants (reflecting the magnitude, 
on a ratio scale, of the exposure effect on the first and fourth stage, 
respectively), do is as defined in Section D-2 and 

Hi{t) =^{t*do)-'{E{d,)t* + [E{d2) - E(d,)]{t - to)* 

+ {E{d3)-E(d2)](t-t,)*] 

H2{t) =(t*do)-'[E{d3)t* + [E{d2) - E{d3)]t,* 

+ [E{d,)-E{d2)]to*] 
H,2{t) ={tW)-'md{)\W[l + m2(di)) 

+ £?(di)£7(d2)(l + p(di,d2)m(di)m(d2)](«/-to*-(t.-to)*) 
+ (£?(d2)f(«.-«o)*[l + m2(d2)] 

+ £7(di)£7(d3)(l + p(di,d3)m(djm(d3)](«* to)* 
^• [t, - to)*] 

+ \E(d^)]^{t-t.)*[l + m^d,)] 

+ (1 + P{d3, d2)m(d3)m(d2)j((t - to)* - {t. - to)* 

-{t-t.)*]E{d2)E{d3)} 

where E{di) is the average of di,m(di) = \/ynr{di)/E(di), and 
p{di,d2) is the correlation between di and d2. For simplicity, we 
shall assume that all correlations are 0. This will have little effect 
on our Mialysis. 
Now define 

^•1(0 = Hi(t) + {pi/px)H2{t) and Fx2{t) = (A/A)^i2(0- 
Then we have: 



Now with to = 20, t, = 55, and t = 70, for any given choice for fi^/pi 
and for the exposure vector (o,6,c), we can compute Fi (70), fi2(70) 
for both "exposed" and "unexposed" groups. Since 1.3 is assumed 
to be the ratio of the true relative risk in "exposed" subjects to 
that in "unexposed" subjects at age 70, we have 



Equation D-10 is a quadratic equation in ^ido. Thus, we can 
solve for fiido even though we do not know fiior do separately. We 



RR{t) = 1 + MoFi(t) + {Mo)^Fi2{t). 



(D-9) 



1.3 



_ 1+ (Ado)Fig(70) + (Mo)^Fi2b{70) 
1 + (y9ido)/'ifi(70) + (Ado)2/'i2fi(70) • 



(D-10) 



ERIC 



334 



327 



then substitute this value of Pido along with the values of Jiij(70) 
and -Fi2b(70) into Equation 0-9 to give an exposure-history-)94/)9i- 
specific estimate of the true relative risk at age seventy in ^ex- 
posed** individuals. If we substitute -^1^(70) and ^12^ (70) instead, 
we get an estimate of the true relative risk at age 70 in ^unexposed" 
individuals. Note that if we had an independent estimate of Pi^ 
we could also estimate do. Given Pa/ Pi wd (a,6,c) (and thus Pido 
by Equation D-10), our estimate of d^ is inversely proportional to 
our estimate of Pi. 

Estiinatiou of do 

Remark 9: Interpretation of Pi and do Piy when estimated from 
data on active smokers, is the fractional increase in the rate of the 
first cellular event per actively smoked cigarette. Since cigarettes 
differ in carcinogenic potency, neither Pi nor do are biological con- 
stants. Therefore, we must specify the type of cigcr'^tte to which 
we wamt our estimate of Pi to refer. In this Appendix, we shall let 
Pi be the functional increase in the rate of the first cellular event 
associated with one current nonfilter U.S. cigarette containing 20 
mg tar as smoked by an average U.S. citizen. In Section D-2 we 
adjusted our estimates of Pi from the Doll and Peto data (1978) 
with this definition of pi in mind. Even after adjustment, Pi will 
still be defined in terms of the cigarettes smoked by the study 
subjects in the American Cancer Society (Hammond, 1966) and 
European case-control studies (Lubin, 1984), which, on average, 
contained mere than 30 mg of tar (since most of the cigarette 
exposure in these studies occurred before the adoption of low-tar 
cigarettes). Thus, if we wanted to define Pi in terms of actively 
smoked unfiltered cigarettes with a tar content of 20 mg, one might 
further divide all estimates ot Pi (and multiply all estimates of io) 
by a factor of 1.5 to 2, although we have not chosen to dc so. One 
must still consider the possibility that the lower relative risk found 
in the European and ACS data compared to the British data is 
a consequence of the fact that there was less misclassification of 
smokers as nonsmokers among the British doctors than among the 
ACS or European case-control study populations. Since, presum- 
ably, doctors are accurate reporters, such an assumption may not 
be unrealistic. If so, the baseline rate among nonsmokers from the 
ACS study would be falsely inflated upwards and the values of Pi 
of 2.93 and 0.803, as originally estimated for the British doctors, 
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would be the more appropriate values to use. For these reasons, 
we report results for all five of the combinations of p^lPi and Pi 
given in Table D-3. 

Remark 10: Adjusting for the BTS Exposure of Active Smokers 
In estimating Pi and fi^ from active-smoker data neither we nor 
Brown and Chu (in press) took account of the fact that in those 
studies active smokers (and the comparison groups of nonsmokers) 
were themselves breathing other peoples' cigarette smoke. If 3do 
is of the order of 3 or more cigarettes per day (as in T^ble D-3), 
a proper analysis (and thus proper estimates of fii.fi^, and do) 
would require refitting the active-smokmg data taking account of 
ETS exposure. We have not done so here. We expect that the 
effect on our estimates of the true relative risk in "exposed'' and 
"unexposed" subjects using Method 2 would not be great (because 
of the insensitivity of these estimates to uncertainty in fix/ Pa). On 
the other hand, the effect on our estimates of do may be more 
pronounced. Further study is required. 

Remark U: Estimation of do from Dosimetry The estimates of do 
given in Table D-4 are obtained in step 5 of the following sequence 
of calculations. 

1. For the ETS constituents BoP and NDMA we estimated 
the weight of each constitue/it- inhaled directly by an active smoker 
from the mainstream smoke of a single cigarette by using the mid- 
point of the range given in the mainstream weight column in 
Table 2-10 (i.e., 25 and 30 ng for NDMA and BoP, respectively). 
(The weights entered in the mainstream weight column of Table 
2-10 are averages based on cigarettes whose mainstream-smoke tar 
content, as measured by a smoking machine, varied between 16 
and 30 milligrams.) 

2. We estimated the weight of each of the above constituents 
inhaled daily by a nonsmoker with a nonsmoking spouse by mul- 
tiplying by 1.07 the range of values given under the ETS weight 
colunm in Table 2-10. (1.07 is our estimate of the average num- 
ber of hours of daily ETS exposure occurring in nonsmokers with 
nonsmoking spouses. Nonsmokers without smoking spouses report 
that they are exposed, on average, to ETS between 5 (Table 6, 
Friedman et al., 1983) and 10 hours a week (Wald and Ritchie, 
1984). Our value of 7.5 hours/week (= 1.07^ hours/day) is the 
average of the above estimates. We could have chosen to multiply 
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the value of 1.07 by a factor of up to 2, since most components of 
ETS decay with a half-life of approximately 1 hour when smoking 
ceases, assuming approximately one air change per hour and little 
plating out onto surfaces.) 

3. For each con&tituent we divided the endpoints of the weight 
ranges calculated in Step 2 by the weight estimated in Step 1. The 
resulting range of values is, for each constituent, an estimate of 
the number of cigarettes that would have to be actively smoked 
in order that the weight of the constituent in the directly inhaled 
mainstream smoke would equal the weight of the constituent (at- 
tributable to ETS) inhaled daily by an average nonsmoker with a 
nonsmoking spouse. We shall call this number lom- 

4. We next estimated for each constituent the number of 
cigarettes whose mainstream smoke would have to be directly 
inhaled by an active smoker to deliver to the lungs a dose of the 
constituent equal to the daily (biologically effective) pulmonary 
dose (attributable to ETS) of a nonsmoker with a nonsmoking 
spouse. We refer to this number as dom- For BaP we multiplied 
the endpoints of the range for lom by one-seventh. This reflects 
the fact that BaP is in the particulate phase and, as discussed in 
Chapter 7, a rough estimate of the deposition rates for particulates 
in ETS and in msdnstream smoke is 10% and 70%, respectively. 
[This calculation ignores important differences between the ETS 
and mainstream particulate phases in terms of deposition site, 
clearance rates, and particle size. Thus, even if BaP were the ac- 
tive carcinogen in ETS and mainstream smoke, dom} as calculated 
above, could conceivably be quite different from the true value of 
dom defined in terms of the biologically effective dose for producing 
lung cancer.] 

For NDMA we assumed dom = /om- The rationale for this 
decision is that NDMA is in the vapor phase in both ETS and 
mainstream smoke. We therefore assumed that the pulmonary 
absorption of NDMA per nanogram inhaled was the same for 
mainstream smoke and ETS. (Thif^ assumption may be inadequate, 
since NDMA is water soluble and thiis will dissolve in mucous 
membrances before reaching the lungs. Therefore, the fraction of 
inhaled NDMA that reaches the lungs may well be up to several 
orders of magnitude greater in active smokers (whose 'ntake is via 
deep inhalations taken through the mouth) than in aonsmokers 
(whose intake is largely via shallo'iv inhalations taken through the 
nose). If so, our estimate of dom would need to be reduced by 
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here, dom for RSP was calculated as follows. In Chapter 7 it 
was calculated that the amount of tar deposited in the lungs 
after 8 hours of ETS exposure would be about 0.005%.0.26% of 
that deposited in the lungs of an active smoker of 20 cigarettes 
containing 14 mg tar each. Thus, the upper limit of the range for 
dom (in terms of 20 mg tar cigarettes) equals (14/20) x 0.26 x 10"'^ x 
20 X 1.07/8 = 8.2 X 10-^ = 0.005. The total range is 0.0001-0.005. 

5. In what follows we estimate for each of the constituents 
NDMA, BaP, and RSP the number of cigarettes that would have 
to be actively smoked to deliver to the smoker a pulmonary dose 
of the constituent equal to the daily pulmonary dose (attributable 
to ETS) of a nonsmoker married to a nonsmoking spouse. This 
number we will call dj. The * as a symbol serves to distinguish this 
definition of cfo from that in Section I;-2. for a given constituent 
is equivalent to do as defined in Section D-^ if, as assumed in Table 
D-4, the constituent is the active lung carcinogen in ETS and 
mainstream smoke or, more generally, if for the constituent is 
equal to do for the unknown active carcinogen. 

For the constituents RSP, BaP, and NDMA we first estimated 
the difference between the total pulmonary dose attributable to a 
single actively smoked nonfilter cigarette and the fraction of that 
pulmonary dose attributable to the directly inhaled mainstream 
smoke. This difference includes contributions from the plume of 
sidestream smoke, the plume of exhaled mainstream smoke, and 
the ETS subsequently derived from the plumes of sidestream and 
exhaled mainstream smoke. We shall call this difisrence tho non- 
mainstream (pulmonary) dose of the constituent. How does the 
magnitude of the nonmainstream (pulmonary) dose to a smoker 
compare to the pulmonary dose of the constituent absorbed by 
a nonsrnoksr without a smoking spouse in the Wald and Ritchie 
study (1984) dui-mg that nonsmoker's 1.07 hours of daily expo- 
sure? We have no empirical data that directly bear on this ques- 
tion. Nonethe!8D3j we :vhall assume that the ratio, /, of the dose to 
the smoker from the < nmainstream smoke of a dngle cigarette to 
the drily do^?i (attributable to ETS) to a nonsmoker with a non- 
smoking opouse is between 0.1 and 2. We believe the ratio could 
be as high as 2 because the active smoker is much more likely to 
directly inhale the highly concentrated plumes of sidestream and 
exhaled mainstream smoke. (In fact> the ratio could possibly be a 
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good deal higher than 2.) This ratio could be as low as 0.1 if active 
smokers rarely directly inhale the plumes of smoke and during the 
hour in which a nonsmoker with a nonsmoking spouse is exposed 
to ETS, the average smoker density is 4, with each smoker smok- 
ing 2.5 cigarettes per hour. (This is a rather high smoker density 
and 0.1 may therefore be somewhat too low an estimate,) It is 
a straightforward algebraic exercise to show that the relationship 
between do and dom is 

1 

The minimum of the range of do (equivalently, dj) values given 
in Table D-4 (for each constituent) was comp'ited by plugging into 
the above formula the minimum of the range of dom estimated in 
step 4, and / = 2. The maximum of the do range in Table D-4 was 
computed by plugging in the maximum of dom and / = 0.1. The 
ranges c>lculated for dj essentially equal those for domi with the 
exception that both endpoints of the dom range for NDMA were 
reduced uy approximately 40% and the upper endpoint for BaP 
wd? reduced 25%. 

Remark 12: Dosimetry Based on Urinary Nicotine or Cotinine In 
this remark we consider whether it is reasonable to take the ratio 
of urinary nicotine (or cotinine) in nonsmokers to that in active 
smokers as a proxy for the ratio of the biologically effective dose 
(attributable to ETS) of the active lung carcinogen in nonsmokers 
to the biologically effective dose in active smokers. 

In aged ETS, nicotine is largely in the vapor phase. Nico- 
tine is water soluble. Thus, presumably most of the nicotine in 
aged ETS dissolves in the mucous membranes of the upper air- 
ways and diffuses directly into the bloodstream. Thus, little of 
the inhaled nicotiue from aged ETS reaches the lower respiratory 
tract. Therefore, urinary and blood nicotine in nonsmokers should 
roughly reflect the total amount of inhaled nicotine. In contrast, 
nicotine in mainstream and sidestream smoke and in fresh ETS 
is largely in the particulate phase. Therefore, most of the nico- 
tine directly inhaled in mainstream smoke by a smoker reaches 
the lower respiratory tract (and from there the bloodstream) since 
the deposition fraction for particulates in mainstream smoke is 
70% with most deposition occurring in the lower respiratory tract. 
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Therefore, if (l) the true carcinogen is in the vapor phase in both 
ETS and mainstream smoke, (2) the true carcinogen is in the 
particulate phase in both ETS and mainstream smoke, or (3) the 
true carcinogen is in the particulate phase in mainstream smoke, 
the vapor phase in ETS, and is, in addition, water soluble (so 
that the total dose of the carcinogen from ETS greatly exceeds the 
pulmonary dose), then serious questions must be raised about the 
appropriateness of using the ratio of urinary nicotine (or cotinine) 
in nonsmokers to that in active smokers to approximate the ratio 
of the biologically effective lung dose of the active carcinogens in 
nonsmokers to the lung dose in active smokers. 

Remark IS: Estimating Lung Cancer Deaths Attributable to ETS 
Among Lifelong Nonsmokers in 1985 As in the Garfinkel et al. 
(1985) study, we use "exposed" to mean ever- "exposed", since 
one cannot calculate a population attributable number from case- 
control studies in which individuals who are ever- "exposed" but 
not currently- "exposed" are excluded. If we assume that Assump- 
tion la and Equation D-5 hold with c(70) = 3, then j2jR(70|jB) and 
jRjR(70|^) are 1.54 and 1.18, respectively, based on a summary 
rate ratio of 1.3. We would then need to assume, for example, 
thnt RR{t\E) and RR{t\E) do not depend on t. Using this ap- 
proach we obtain an attributable number of 2,010 in nonsmoking 
women. In contrast, the naive approach, which ignores the ETS 
exposure of "unexposed" individuals by assuming RR{7Q\E) =: 1.3 
and RR[70\E) = 1.0. gives an attributable number of 1,150. 

The second approach supposes that assumptions of Method 2 
in Section D-2 hold. We then choose a value for exposure history 
(a,5,c) and fi^/fii which, given that 7(70|i5)/7(70|^) = 1.3, allows 
us to calculate pido from Equation D-10. Knowledge of )9icfoi then, 
allows us to calculate, from equation D-9, RR{t\E) and RR{t\E) 
for all t (not just t = 70). 

The third approach is to assume that the first assumptions 
under Method 2 concerning the multistage cancer model hold but 
not to assume that RR{7Q\E)/RR{7Q\E) = 1.3. We then must select 
a value of fii and do in order to estimate pido and, given (a,5,c) 
and pAlPuRR[t\E). 

Remark 14: Estimating the Lifetime Risk of Lung Cancer Due to 
ETS S{t\to) = nUtol^^-^l")) wliere A(tt) is the all-cause mortality 
rate in 1985 among nonsmoking women of age u (and we are follow- 
ing the standard convention of using current, i.e. 1985, mortality 
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rav*). We estimated A(u) for female nonsmokers by multiplying the 
all-cause age-speciPc mortality rates (for female nonsmokers) given 
in Hammond (1966) by the ratio of the overall U.S, age-specific fe- 
male death rates in 1985 (all smoking categories) to those rates in 
1962, Furthermore, 7excess(<) = lo{t)\RRExcEss{t)l where 7o(0 
is the incidence of lung cancer death at t in ihe absence of all ex- 
posure^ and RRzxczss{t) is the excess relative risk for lung cancer 
due to exposure history M. 7o(0 = (l - AF{t)]Io{t) where AF{t) 
and Io{t) are as defined above. 

From Equation D-9 we can obtain an estimate of i?i?EXCESs(0 = 
RR{t) - 1 for given values of fiido and pJPi and choice of exposure 
history M. It follows that, under the assumption that ths observed 
rate ratio of 1,3 is causal, wc can then obtain an estimate of 
AF{M) for to = 45 for each choice of exposure history (a, 6, c) and 
value ofpJPij since, using Equation D-10, we obtain an estimate 
of /Sidb from which, in turn, we obtain an estimate of AF{t) and 

RREXCESs{t)* 

Remark 15 In estimating AF{M) in ex- and current smokers, 
•R-RexcessC^^ can be estimated from Equation D-9 for a given 
value of exposure history (a,6,c), fijfiu and under the as- 
sumption that the rate ratio of 1,3 is causal (Knowledge of fix is 
necessary so that we can estimate from Equation D-10 the value 
of do rather than simply A do*) 7o(0 is estimated as for nonsmok- 
ers. To estimate the all-cause mortality rate among exsmokers 
j\nd continuing smokers we used the data in Hammond (1966) as 
described for nonsmokers, except fo/ smokers of 20 cigarettes per 
day we used an average of the age-specific all-cause mortality rates 
in Hammond for smokers of 1-19 and >19 cigarettes per day; and 
for exsmokers we used both their smoking rates while smoking 
and the number of years since quitting (as a time-dependent co- 
variate) to enter Hammond's table at the proper place. Missing 
values in Hammond's table were filled in by linear interpolation or 
extrapolation. 

Remark 16 Under Assumption la, HRzxcEss{t) would be the 
same for exsmokers and nonsmokers who had the same history of 
exposure to other people's cigarette smoke. But if we assume that 
cigarette smoke affects two stages of a multistage cancer model, 
then, for an exsmoker, the quadratic terms in Equation D-9 cannot 
be ignored. As such, a small increment in dose due to breathing 
other people's cigarette smoke will have a larger absolute effect 
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on the age-specific-mortality rate of the exsmoker than of the 
nonsmoker. 



Effects of Bias 

We now consider* the following three questions. In deriving our 
summary estimates of 1.3 we amalgamated studies that compared 
ever- "exposed" to never- "exposed" subjects with studies that com- 
pared currently-^exposed" to never- "exposed" subjects. Does this 
introduce an important bias? In Remark 17 below, we show that 
it does not. Second, under the assumption that our multistage 
model is correct, Assumption la is false, since Equation D-8 has a 
quadratic dose term. Nonetheless, for calculating the true relative 
risk in "exposed" and "unexposed" subjects, is Assumption la 
an adequate approximation? Third, should case-'control studies of 
the relationship between childhood ETS exposure and lung can- 
cer have greater power to detect an ETS effect than case-control 
studies of adult KTS exposure? 1 * particular, does the failure of 
Garfinkel et ai. (1985) to find an effect of childhood exposr.re cast 
doubt on the validity of our 13 epidemiologic studies of adait ETS 
exposure? We will show in Remark 19 that when one takes into 
account the inevitable misclassification of childhood ETS exposure 
occurring some 60 years previously, the observed relative risk ex- 
pected from a case-control study of childhood ETS exposure could 
be as low as 1.01 and would be no greater than 1.3. Thus, it is not 
surprising Garfinkel et al. found no effect of childhood exposure. 

Remark 17 It is clear that the same causal parameter is not 
being estimated in studies in which the "exposed" group is ever- 
"exposed" as in studies in which the exposed group is currently- 
"exposed" individuals. Yet, our summary value of 1.3 was based 
on amalgamating estimates of RR{t\E)/RR{t\E) from these two dif- 
ferent types of studies. To estimate the magnitude of the bias asso- 
ciated with this amalgamation, we proceeded as follows. Consider 
studies with exposure history of the form (a, 6,1). For each choice 
of (a, 6) and fiji/fii we obtain, from Equation D-10, an estimate of 
fiido^ say, Pido(a,h,PAlP\)y if we can a£;tiume RR(t\E)IRR(t\E) is 
1.3 for such studies. For eacu Pido^cL^h^P^lPi) we estimated,, using 
Equation D-10, RR(t\E)IRR(t\E) for a study with exposure his- 
tory (a,6,3). The maximum value oiRR(t\E)IRR{t\E) estimated in 
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this way for studies with exposure history (a, 6,3) was 1.39 (asso- 
ciated with P^lPi = 1.8, of course). Given the confidence interval 
of (U2,l»49) reported m Chapter 12 for the ^amalgamated param- 
eter RR(t\E)lRR(t\E)^ it follows that any bias due to improperly 
amalgamating these two type^ of studies will be small compared 
to sampling error. 

Rtmark 18 Conditional on the assumption that our multistage 
model holds for lung cancer, we can test the adequacy of As- 
sumption la. Let Pid!^ and RR*(10\E) be the estimates of Pid^ 
apd RR[1Q\E) obtained by removing the quadratic term (in Pido) 
from the numerator and denominator of Equation D-10* Now, 
since Equation D-9, modified so that the quadratic term in Pido 
is eliminated, is a linear excess relative risk model, it follows that 
Assumption la is an adequate approximation if the estimates Pid'^ 
and RR*[1{^\E) do not differ greatly from the estimates, fiid^ and 
RR{1{^\E)^ based on the unmodified Equation D-10. We therefore 
estimated mKK[RR[l{^\E) - RR{7Q\E)] as (o,6,c) and ^4/^1 var- 
ied. The maximum was 0.05* Thus, the linear approxi»nation of 
Assumption la is probably adequate* 

Rtmark 19 We now estimate the maximum and minimum rela- 
tive risk (at age 70) we would expect to observe in a case-control 
study of ETS exposure in childhood (controlling for ETS exposure 
in adult life) under the assumption that our multistage model for 
lung cancer is correct. To do so, we perform a sensitivity analysis 
over the possible exposure histories of the "exposed** and "unex- 
posed** study subjects in such a case-control study. In particular, 
we assume that (l) for all study subjects the exposure rate from 
ages 20 to 70 years was 2do; (2) the false-positive and false-negative 
rates for the exposure "at least one parent smoked** were 0.15 and 
0.3, respectively; and (3) exposure rate from 0 to 20 in the truly 
"exposed** (i.e*, among those who did have a smoking parent) to 
the truly "unexposed** was, in units of do, one of the following: 
1.53 to 0.3, 0.75 to 0.15, 1.0 to 0.6, or 1.0 to 0.05. It only remains 
necessary to choose values for ^4/^1 and fiido* For each of our 
three choices of fiA/fiit we let fiido range over the values found 
previously (using Equation D-10) as {a,b,c) varied. 

The maximum relative risk was 1.26, which occurred with 
exposure rates of 1.53 and 0.3do in the exposed and unexposed, re- 
spectively, Pa/ fit = 0.0124, and the value of )9i<io (computed using 
Equation D-10) based on {a,b,c) = (1,2,3). The minimum relative 
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risk 1.01. Even when we unrealistically assumed that both 
the false-positive and false-negative rates for exposure misclassi- 
fication were 0, the maximum relative risk was only 1.51. Thus, 
it is not surprising that Garfinkel et al. (1985) f^led to detect an 
effect of childhood exposure in his case-control study. 
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